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FOREWORD e

Among the responsibilities assigned to the Office of the Manager, National
Communications System, is the management of the Federal Telecommunication
Standards Program, which is an element of the overall GSA Federal Standard-
ization Program. Under this program, the NCS, with the assistance of the
Federal Telecommunication Standards Committee, identifies, develops, and coor-
dinates proposed Federal Standards which either contribute to the inter-
operability of functionally similar Federal telecommunication systems or to
the achievement of a compatible and efficient interface between computer and
telecommunication systems. In developing and coordinating these standards a
considerable amount of effort is expended in ipitiating and pursuing joint
standards development efforts with appropriate technical committees of the
Electronic Industries Association, the American National Standards Institute,
the International Organization for Standardization, and the International
Telegraph and Telephone Consultative Committee of the International Tele-
communication Union. This Technical Information Bulletin presents an overview
of an effort in the international telecommunication standards arena on common
channel signalling. 1t has been prepared to inform interested Federal act-
ivities of the progress of this effort. Any comments, inputs or statements of
requirements that could assist in the advancement of this work are welcome and
should be addressed to:

Office of the Manager
National Communications System
ATTN: NCS-TS

Washington, D.C. 20305

(202) 692-2124
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Introduction
Signalling System No. 7 consists of:

- the Message Transfer Part, specified in
Recommendations Q.701 to Q.707

- the Telephone User Part, specified in Recommendations Q.72}
to Q.725

- the Data User Part, specified in
Recommendation X.61 Q.741.

An overall description of the signalling system and the division of
functions and intertactions between the Message Transfer Part and the user
parts is given in Recommendation Q.701.

General signalling network considerations are coatained in
Recommendation Q.705.

The user of Signalling System No. 7 in call control applications of
the telephone service is recommended in Recommendations Q.7 and Q.110,
Volume VI.1.

The use of Signalling System No. 7 in call control applications of
the circuit switched data transmission service is recommended in
Recommendation X.60, Volume VIII..., The call control and signalling procedures
applicable for international data transmission user facilities and network
utilities are defined in Recommendation X.87.

(3854)
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Recommendation Q.701

PFUNCTIORAL DESCRIPTION OF THE SIGNALLING SYSTEM
1 General

1.1 Objectives and fields of application

The overall objective of Signalling System No. 7 is to provide an
internationally standardized general purpose common channel signalling (CCS)
system:

- optimized for operation in digital telecommunications networks
in conjunction with stored program controlled exchanges;

- that can meet present and future requirements of information
transfer for inter-processor transactions within
telecomminications networks for call control, remote control,
and management and maintenance signalling;

- that provides a reliable means for transfer of information
in correct sequence and without loss or duplication.

The signalling system meets requirements of call control signalling
for telecommunication services such as the telephone and circuit switched data
transmission services. It can also be used as a reliable transport system for
other types of information transfer between exchanges and specialized centres
in telecommunications networks (e.g. for management and maintenance purposes).
The system is thus applicable for multi-purpose uses in networks that are
dedicated for particular services and in multi-services networks. The
signalling system is intended to be applicable in international and national
networks,

The signalling system is optimized for operation over 64 kbit/s
digital channels. It is also suitable for operation over analogue channels and
at lower speeds. The system is suitable for use on point-to-point terrestrial
and satellite links. It does not include the special features required for use
in point-to-multipoint operation but can, if required, be extended to cover
such an application.

1.2 General characteristics

Common channel signalling is a signalling method in which a single
channel conveys, by means of labelled messages, signalling inforwation relating
to, for example, a multiplicity of circuits, or other information such as that
used for network management. Common channel signalling can be regarded as a
form of data communication that is specialized for various types of signalling
and information transfer between processors in telecommunications networks.

The signalling system uses signalling links for transfer of signalling
messages between exchanges or other nodes in the telecommunication network
served by the system. Arrangements are provided to ensure reliable transfer of
signalling information in the presence of transmission disturbances or network
failures. These include error detection and correcticn on each signalling link.

(3854)
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The system is normally applied with redundancy of signalling links and it
includes functions for automatic diversion of signalling traffic to alternative
paths in case of link failures. The capacity and reliability for signalling may
thus be dimensioned by provision of a multiplicity of signalling links
according to the requirements of each applications.

1.3 Modularity

The wide scope of the signalling system requires that the total system
includes a large diversity of functions and that further functions can be added
to cater for extended future applications. As a consequence only a sub-set of
the total system may need to be used in an individual application.

A major characteristic of the gignalling system is that it is
specified with 8 functional structure to ensure flexibility and mwodularity for
diverse applications within one system concept. This allows the system to be
realized as a number of functional modules which could ease adaptation of the
functional content of an operating Signalling System No. 7 to the requirements
of its application.

The CCITT specifications of the signalling system specify functions
and their use for international operation of the system. Many of those
functions are also required in typical national applications, Furthermore, the
system to some extent includes features that are particular to national
applications, The CCITT specifications thus form an internationally
standardized base for a wide range of national applications of common channel
signalling.

System No. 7 is one common channel signalling system. However, as a
consequence of its modularity and its intended use as a standard base for
national applicatione the system may be applied in many forms. In general, to
define the use of the system in a given national application, a selection of
the CCITT specified functions must be made and the necessary additional
national functions must be specified depending on the nature of the
application,

2 Signalling system structure

2.1 Basic functional division

The fundamental principle of the signalling system structure is the
division of functions into a common Mcssage Transfer Part (MTP) on one hand
and separate User Parts for different users on the other. This is illustrated

by Pigure 2-1 (Q.701) below.

r———— Signalling link ———o‘
JF mm—m—

r 1
User Comri.o1, Link Sipnalling link (ommen [ Ueey
messuge transfer control data 1 control transfer recsure
processing l functions function lipk function: functions procesoins
¢ iy
user ucer
parts L i
Lag Message transfer part — p%g'_-."i.,uw

Figure 2-1 ( ) - Functional diagram for the common channcl signalling syster

(3854)
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The overall function of the Message Transfer Part is to serve as a
transport system providing reliable transfer of signalling messages between the
locations of communicating user functions.

The term user in this context refers to any functional entity that
utilizes the transport capability provided by the Message Transfer Part. A User
Part comprises those functions of, or related to, a particular type of user
that are part of the common channel signalling system, typically because those
functions need to be specified in a signalling context. -

The basic commonality in signalling for different services resulting
from this concept is the use of a common transport system, i.e, the Message
Transfer Part. Also, a degree of commonality exists between certain User Parts,
e.g. the Telephone User Part (TUP) and the Data User Part (DUP).

2.2 Functional levels
2.2.1 General

As a further separation, the necessary elements of the signalling
system are specified in accordance with a level concept in which:

- the functions of the Message Transfer Part are separated into
three functional levels, and

~ the User Parts constitute parallel elements at the fourth
functional level.

The level structure is illustrated in Figure 2-2 (Q.701).

The system structure shown in Figure 2-2 (Q.701) is not a
specification of an implementation of the system., The functional boundaries B,
C and D may or may not exist as interfaces in an implementation. The
interactions by means of controls and indications may be direct or via other
functions, However, the structure shown in Figure 2-2 (Q.701) may be regarded
as a possible model of an implementation.

(3854)
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Figure 2-2 ( [C.IC1] ) - General structure of signalling system furctic:.

2.2.2

Signalling data link functions (Level 1)

Level ] defines the physical, electrical and functional

characteristics of a signalling data link and the means to access it. The
level 1 element provides a bearer for a signalling link.

In a digital environment 64 kbit/s digital paths will normally be used
for the signalling data link. The signalling data link may be accessed via a
switching function, providing a potential for automatic reconfiguration of
signalling links. Other types of data links, such as analogue links with
modems, can also be used.

The detailed requirements for signalling dats links are specified in
Recommendation (Q.702) C13.

(3854)
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2.2.3 Signalling link functions (Level 2)

Level 2 defines the functions and procedures for and relating to the
transfer of signalling messages over one individual signalling data link. The
level 2 functions together with a level 1 signalling data link as a bearer
provides a signalling link for reliable transfer of signalling messages between
two points. ’

A signalling message delivered by the higher levels is transferred
over the signalling link in variable length signal units. For proper
operation of the signalling link the signal unit comprises transfer control
information in addition to the information content of the signalling message.

The signalling link functions include:

- delimitation of signal unit by means of flags,

- flag limitation prevention by bit stuffing,

- error detection by means of check bits included in each signal
unit,

- error correction by retransmission and signal unit sequence
control by means of explicit sequence numbers in each signal unit
and explicit continuous acknowledgements,

- gignalling link failure detection by means of signal unit error
rate monitoring and signalling link recovery by means of special
procedures,

The detailed requirements for signalling link functions are given in
Recommendation (Q.703) C23.

2.2.4 Signalling metwork functions (Level 3)

Level 3 in principle defines those transport functions and procedures
that are common to and independent of the operation of individual signallipg
links. As illustrated in Figure 2-2 (Q.701) these functions fall into two major
categories:

a) Signalling message handling functions - these are functions
that, at the actual transfer of a message, direct the message to
the proper signalling link or User Part,

b) Signalling network management functions - these are functions
that, on the basis of predetermined dats and information about
the status of the signalling network, control the current message
routing and configuration of signalling network facilities. In the
event of changes in the status they also control reconfigurations
and other actions to preserve or restore the normal message
transfer capability.

(3854)
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The different level 3 functions interact with each other and with the
functions of other levels by means of indications and controls as illustrated
in Figure 2-2 (Q.701). This Figure also shows that the signalling network
management as well as the testing and maintenance actions may include exchange
of signalling messages with corresponding functions located at other signalling
points. Although not User Parts these parts of level 3 can be seen as serving
as "User Parts of the Message Transfer Part'". As a convention in these
specifications, for each of description, general references to User Parts as
sources or sinks of signalling message implicitly include these parts of
level 3 unless the opposite is evident from the context or explicitly stated.

A description of the level 3 functions in the context of a signalling
network is given in Section 3 below. The detailed requirements for signalling
network functions are given in Recommendation (Q.704) C3]. Some means for
testing and maintenance of the signalling network are provided and the detailed
requirements are given in Recommendation (Q.707) C41.

2.2.5 User Part functions (Level 4)

Level 4 consists of the different User Parts, Each User Part defines
the functions and procedures of the signalling system that are particular to a
certain type of user of the system,

The extent of the User Part functions may differ significantly between
different categories of users of the signalling system, such as:

- Users for which most user communication functions are defined
within the signalling system, Examples are telephone and data
call control functions with their corresponding Telephone and
Data User Parts.

- Users for which most user communication functions are defined
outgside the signalling system. An example is the use of the
signalling system for transfer of information for some management
or maintenance purpose. For such an "external user" the User Part
may be seen a3 a "mailbox" type of interface between the external
user system and the message transfer function in which for example
the user information transferred is assembled and disassembled
to/from the applicable signalling message formats,

2.3 Signalling message

A lighalling message is an assembly of information, defined as level 3
or 4, pertaining to a call, management transaction, etc., that is transferred
as an entity by the message transfer function.

Each message contains service information including a service
indicator identifying the source User Part and possibly additional
information such as an indication whether the message relates to international
or national application of the User Part.

(3854)
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The signalling information of the message includes the actual user
information, such as one or more telephone or data call control signals,
management and maintenance information, etc., and information identifying the
type and format of the message. It also includes a label that provides :
information enabling the message:

- to be routed by the level 3 functions and through a signalling
. network to its destination, and
- - to be directed at the receiving User Part to the particular
. circuit, call, management or other transaction to which the

message is related.
On the signalling link, each signalling message is packed into Message
Signal Units (MSU's) which also includes transfer control information related
to the level 2 functions of the link.

2.4 Functional interface

The following functional interface between the Message Transfer Part
and the User Parts can be seen as a model illustrating the division of
functions between these parts. The interface Cgee Figure 2-3 (Q.701)] is purely
functional and need not appear as such in an implementation of the system.

] . L. . S ——
Messape delirmitation

_J Service irnforrstior
Sipralling irfcrpation
User N o ) l'escaps
eSS T3t }
age delirjtation trarcsfer

part
7 Service irformeticr rar:
T Cigrelling irferraticor

v d Flow control

CCITT - 3Ln=:

Figure 2-3 ( [E.7CY] ) -~ Functional interface betweer the
message transfer pert and the user parts

The main interaction between the Measage Transfer Part and the User
Parts is the transfer of signalling messages across the interface; each message
consisting of service information and signalling information as described
above. Message delimitation information is also transferred across the
interface with the message.

- In addition to the transfer of messages and associated information the
interaction may also include flow control information, e.g. an indication from
the Message Transfer Part that it is unable to serve a particular destination.

.~

A description of tne characteristics of the Message Transfer Part as
seen from the functional interface and the requirements to be met by potential
users of the message transfer function is given in Section 4,

(3854)
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3 Signalling network

3.1 Basic concepts and features

3.1.1 Signalling metwork components

A telecommunication network served by common channel signalling is
composed of a number of switching and processing nodes interconnected by
transmission links., The nodes in the telecommunication network that are
provided with common channel signalling are in the context of signalling
referred to as signalling points.

In specific cases there may be a need to partition the common channel
signalling functions at such a (physical) node into logically separate entities
from a signalling network point of view; i.e. a given (physical) node may be
defined as more than one signalling point, One example is an exchange at the
boundary between the international and a national signalling network.

Any two signalling points, for which the possibility of communication
between their corresponding User Part functions exists, are said to have a
signalling relation.

An example is when two telephone exchanges are directly connected bv a
bundle of speech circuits. The exchange of telephone signalling relating to
these circuits then constitutes a signalling relation between the telephone
User Part functions in those exchanges in their role as signalling points,

Another example is when administration of customer and routing data in
a telephone exchange is remotely controlled from an operation and maintenance
centre by means of communication through the common channel signalling system.
This communication then constitutes a signalling relation between the
applicable operation and maintenance User Part functions at the telephone
exchange and the corresponding functions at the operation and maintenance
centre,

The common channel signalling system uses signalling links to convey
the signalling messages between two Signalling Points. A number of signalling
links that directly interconnect two signalling points which are used as a
module constitute & signalling link set. Although a link set typically
includes all parallel signalling links it is possible to use more than one link
set in parallel between two signalling points. A group of links within a link
set that have identical characteristics (e.g. the same data link bearer rate)

are called a link group.

Two signalling points that are directly interconnected by a signalling
‘link set are, from a signalling network structure point of view, referred to as
adjacent signalling points. Correspondingly, two signalling points that are
not directly interconnected are non-adjacent signalling points.

(3854)
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3.1.2 Signallins modes

The terw signalling mode refers to the association between the path
taken by a signalling message and the signalling relation to which the message
refers.

In the associated mode of signalling the messages relating to a
particular signalling relation between two adjacent signalling points are
conveyed over a link set directly interconnecting those signalling points.

In the non-associated mode of signalling the messages relating to a
particular signalling relation are conveyed over two or more link sets in
tandem passing through one or more signalling points other than those which are i
the origin and the destination of the messages.

The quasi-associated mode of signalling is a limited case of the
non-associated mode where the path taken by a message through the signalling
network is predetermined and, at a given point in time, fixed.

Signalling System No. 7 is specified for use in the associated and
quasi-associated modes, The Message Transfer Part does not include features to
avoid out-of-sequence arrival of messages or other problems that would
typically arise in a fully non-associated mode of signalling with dynamic
message routing.

Examples of signalling modes are illustrated in Figure 3-1 (Q.701).

3.1.3 Signalling point modes

A signalling point at which a message is generated, i.e. the location
of the source User Part function, is the originating point of that message.

A signalling point to which a message is destined, i.e. the location
of the receiving User Part function, is the destination point of that
message,

A signalling point at which a message received on a signalling link is
transferred to another link, i.e. neither the location of the source nor the
receiving User Part function, is a signalling transfer point (STP).

For a particular signalling relation the two signalling points thus
function both as originating and destination points for the messages exchanged
in the two directions between them,

In the quasi-associated mode the function of a signalling transfer
point is typically located in a few signalling points which may be dedicated to
this function or may combine this function with some other (e.g. switching)
function. A signalling point serving as a signalling transfer point functions
as an originating and a destination point for the messages generated and
received by the level 3 function of the Message Transfer Part also in cases
when no user functions are present, '

(3854)
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3.1.4 Message labelling

Each message contains a label. In the standard label the portion that
is used for routing is called the routing label. This routing label
includes:

a) Explicit indications of destination and originating points of
the message, i.e. identification of the signalling relation
concerned. .

b) A code used for load sharing which may be the least
significant part of a label component that identifies a user
transaction at level 4,

The standard routing label assumes that each signalling point in a
signalling network is allocated a code according to a code plan, established
for the purpose of labelling, that is unambiguous within its domain. Messages
labelled according to international and national code plans are discriminated
by means of an indication in the service information included in each message.

The standard routing label is suitable for national applications also.
However, the signalling system includes the possibility for using different
labels nationally.

3.2 Signalling message handling functions

Figure 3-2 (Q.701) illustrates the signalling message handling
functions,

3.2.1 Message routing

Message routing is the process of selecting, for each signalling
message to be sent, the signalling link to be used. In general, message routing
is based on analysis of the routing label of the message in combination with
predetermined routing data at the signalling point concerned.

Message routing is destination code dependent with typically an
additional load sharing element allowing different portions of the signalling
traffic to a particular destination to be distributed over two or more
signalling links. This traffic distribution may be limited to different links
within a link set or applied to links in different link sets.

Each succession of signalling links that may be used to convey a
message from the originating point to the destination point constitutes a
message route. Signalling route is the corresponding concept for a possible
path, referring to a succession of link sets and signalling transfer points,
between the originating and destination points.

In Signalling System No. 7 wessage routing is made in a manner by
wvhich the message route taken by a message with a particular routing label is
predetermined and, at a given point in time, fixed. Typically, however, in the
event of failures in the signalling network, the routing of messages,
previously using the failed measage route, is modified in a predetermined
manner under control of the signalling traffic management function at
level 3.

(3854)
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Although there are in general advantages in using a uniforw routing of
messages belonging to different User Parts, the service indicator included in
each message provides the potential for using different routing plans for
different User Parts.

3.2.2 Message distribution

Message distribution is the process which, upon receipt of s message
at its destination point, determines to which User Part the message is to be
delivered. This choice is made on analysis of the service indicator.

3.2.3 Message discrimination

Message discrimination is the process which, upon receipt of a
message at a signalling point, determines whether or not the point is the
destination point of that message. This decision is based on analysis of the
destination code in the routing label in the message. If the signalling point
is the destination point the message is delivered to the message distribution
function. If it is not the destination point, i.e. in the case when it serves
as a signalling transfer point for that message, the message is delivered to
the message routing function for further transfer to a signalling link. Message
discrimination thus is a function required only at a signalling point that acts
as a signalling transfer point,

3.3 Signalling network management functions

Figure 2-3 (Q.701) illustrates the signalling network management
functions.

3.3.1 Signalling traffic management

The tasks of the signalling traffic management function are:

a) to control message routing; this includes modification of
message routing to preserve, when required, accessibility of all
destination points concerned or to restore normal routing;

b) in conjunction with modifications of message routing, to
control the resulting transfer of signalling traffic in a
manner that avoids irregularities in message flow;

c) flow control,

Control of message routing is based on analysis of predetermined
information about all allowed potential routing possibilities in combination
vith information, supplied by the signalling link management and
signalling route management functions, about the status of the signalling
networl (i.e. current availability of signalling links and routes).

Changes in the status of the signalling network typically result in
modification o. - rrent message routing and thue in transfer of certain
portions of the signalling traffic from one signalling link to another. The
transfer of signalling traffic is performed in accordance with specific
procedures. These procedures - changeover, changeback, forced rerouting and
controlled rerouting - are designed to avoid, as far as the circumstances
permit, such irregularities in message transfer as loss, mis-sequencing or
multiple delivery of messages.

(3854)
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The changeover and changeback procedures involve communication with
other signalling point(s). For example, in the case of changeover from a
failing signalling link, the two ends of the failing link exchange information
(via an alternative path) that normally ensbles retrieval of messages that
otherwise would have been lost on the failing link, However, as further
explained later, these procedures cannot guarantee regular message transfer in
all circumstances. !

A signalling network has to have & signalling traffic capacity that is
higher than the normal traffic offered. However, in overload conditions
(e.g. due to network failures or extremely high traffic peaks) the
signalling traffic management function takes flow control actions to minimize
the problem. An example 1s provision of an indication to the local user
functions concerned that the Message Transfer Part is unable to transport
messages to a particular destination in the case of total breakdown of all
signalling routes to that destination point. If such & situation occurs at a
signalling transfer point a corresponding indication is given to the signalling
route management function for further dissemination to other signalling points
in the signalling network.

3.3.2 Signalling link management

The task of the signalling link management function is to control the
locally connected link sets. In the event of changes in the availability of a
local link set it initiates and controls actions aimed at restoring the normal
availability of that link set.

The signalling link management function also supplies information
about the availability of local links and link sets to the signalling traffic
management function,

The signalling link management function interacts with the signalling
link function at level 2 by receipt of indications of the status of signalling
links. It also initiates actions at level 2 such as, for example, initial
alignment of an out-of-service link.

The signalling system can be applied with different degrees of
flexibility in the method of provision of signalling links. A signalling link
may for example consist of a permanent combination of a signalling terminal
device and a signalling data link. It is also possible to employ an arrangement
in which any switched connection to the remote end may be used in combination
with any local signalling terminal device. It is the task of the signalling
link mansgement function in such arrangements to initiate and control
reconfigurations of terminal devices and signalling data links to the extent
such reconfigurations are automatic., In particular, this involves interaction,
not necessarily direct, with a switching function at level 1,

3.3.3 Signalling route management

Signalling route management is a function that relates to the
quasi-associated mode of signalling only, Its task is to transfer information
about changes in the availability of signalling routes in the signalling
network to enable remote signalling points to take appropriate signalling
traffic management actions. Thus a signalling transfer point wmay, for example,
send messages indicating inaccessibility of a particular signalling point vis
that signalling transfer point thus enabling other Signalling Points to stop
routing messages into an incomplete route.

(3854)
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3.4 Testing and maintenance functions

Figure 2~3 (Q.701) illustrates that the signalling system includes
some standard testing and maintenance procedures that use level 3 wmessages.
Furthermore, any implementation of the system typically includes various
implementation dependent means for testing and maintenance of equipment
concerned with the other levels.

3.5 Use of the signalling network

3.5.1 Signalling network structure

The signalling system may be used with different types of signalling
network structures. The choice between different types of signalling network
structures may be influenced by factors such as the structure of the
telecommunication network to be served by the signalling system and
administrative aspects.

In the case when the provision of the signalling system is planned
purely on a per signalling relation basis, the likely result is a signalling
network largely based on associated signalling, typically supplemented by a
limited degree of quasi-associated signa'ling for low volume signalling
relations. The structure of such & signalling network is mainly determined by
the patterns of the signalling relations. International signalling is an
example of an application for which this approach is suitable.

Another approach is to consider the signalling network as a common
resource that should be planned according to the total needs for common channel
signalling. The high capacity of digital signalling links in combination with
the needs for redundancy for relisbility then typically leads to a signalling
network based on a high degree of quasi-associated signalling with some
provision for associated signalling for high volume signalling relations. The
latter approach to signalling network planning is more likely to allow
exploitation of the potential of common channel signalling to support network
features that require communication for purposes other than the switching of
connections.,

Further considerations about the use of a signalling network are given
in Recommendation (Q.705) L51.

3.5.2 Provision of signalling facilities

In general, the most important factor for the dimensioning of the
signalling network is the need for reliability by means of redundancy.
Depending on the signalling network structure and the potential for
reconfiguration of signalling equipment the required redundancy may be provided
by different combinations of:

- redundancy in signalling data links (e.g. nominated reserves or
switched connections),

- redundancy in signalling terminal devices (e.g. a common pool
of terminals for the whole signalling point),

- redundancy of signalling links within a link set (typically
operating with load sharing),
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- redundancy in signalling routes for each destination (possibly
operating with load sharing),

The loading capacity of a digital signalling link is high in relation
to the signalling traffic generated for call control signalling. Therefore, in
wany typical applications the links will be lightly loaded and signalling
traffic volume will be a secondary factor for the dimensioning of the
signalling network. However, in high signalling traffic applications or when
analogue links with lower speeds are used it may be necessary to dimension the
traffic capacity by provision of additional signalling links. The message
routing principles adopted for the signalling system allow partitioning of the
total signalling traffic into different portions based on load sharing,
destination point code and service information. Such partitioning provides a
useful means of controlling the load and dimensioning of the capacity of
different sections of a signalling network, as it allows distribution of
different portions of the signalling traffic. It can also be used to dedicate
certain parts of a signalling network to signalling traffic related to a
particular user.

3.5.3 Application of signalling network functions

The signalling network functions provided by the signalling system are
designed to cater for a range of signalling network configurations., All of
those functions need not necessarily be present at all signalling points. The
necessary functional content at level 3 at a particular signalling point
depends for example on what signalling mode(s) are used, whether or not it is a
signalling transfer point, what type of signalling equipment redundancy is
employed, etc. It is thus feasible to implement level 3 functions with
modularity for different capabilities corresponding to different signalling
network configurations. As a special case it is even possible to apply the
signalling system without using the level 3 element at all, e.g. in a small
exchange or private automatic branch exchange which can only be reached via one
primary pulse code modulation system.

4 Message transfer capability
4.1 General

The Message Transfer Part recommendations specify methods by which
different forms of signalling networks can be established. The requirements for
the Message Transfer Part have primarily been determined by the requirements of
call control signalling for the telephone and circuit switched data
transmission services. However, the Message Transfer Part is also intended to
have the ability to serve as a transport system for other types of information
transfer. The following summarises the typical characteristics of the transport
service that may be offered by the Message Transfer Part to a potential user of
this ability.

All information to be transferred by the Message Transfer Part must be
assembled into messages. The linking of the source and sink of a message is
inherent in the label in combination with the signalling routes existing
between the two locations, From a transportation point of view each message is
self-contained and handled individually. The nature of the transport service
offered by the Message Transfer Part is therefore similar to that offered by
a packet switched network. In addition, all messages containing the same label
constitute a sct of messages that is handled in a uniform manner by the Messape
Transfer Part, thus ensuring, in normal circumstances, regular delivery in the
correct sequence.

(3854)
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4.2 User location in system structure

A potential user of the \ransport service is typically included in the
system structure by provision of a separate User Part. This requires allocation
of a service indicator code, the specification of which is part of both the
Message Transport Part and User Part concerned.

As an alternative, a potential user may be catered for, together with
other similar users, by an already existing or new User Part. In such a case
the discrimination between messages belonging to this and the other is an
internal matter within the User Part concerned. It then follows that all
messages belonging to such a User Part are necessarily handled, e.g. as regards
routing, in a uniform manner by the Message Transfer Part.

4.3 Message content

4.3.1 Code transparency

Information with any code combination generated by a user can be
transferred by the Message Transfer Part provided that the message respects the
requirements described in the following sections

4.3.2 Service information

Each message must contain service information coded in accordance with
the rules specified in [63.

4.3.3 Message label

Each message must contain a label consistent with the routing label of
the signalling network concerned. See also C71.

4.3.4 Message length

The information content of a message should be an integral number of
octets,

The total amount of signalling information transferable in one message
is limi* ' by some parameters of the signalling system; although normally
limited to about 60 octets the signalling system can, if required in certain
national applications, accept transfer of user information blocks in the order
of 256 octets in single wesnages.

Depending on the signalling traffic characteristics of a user and of
other users sharing the same signalling facilities, there may be a need to
limit message lengths below the system limit based on queueing delay
considerations,

In the case when information blocks generated by a user function
exceed the allowed message length, it is necessary to implement means for
segmentation and blocking of such information blocks within the User Part
concerned.
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L4 User accessibility

The accessibility of user functions through a signalling network
depends on the signalling modes and routing plan employed in that network.

In the case when only the associated mode of signalling is employed,
only user functions located at adjacent signalling points may be accessed.

In the case when quasi~associated signalling is employed, user
functions located at any signalling point may be accessed provided that the
corresponding message routing data is present.

4.5 Transport service performance

Further detailed information is provided in
Recommendation (Q.706) C81.

4.5.1 Message transfer delay

The normal delay for transfer of messages between user locations
depends on factors such as distance, signalling network structure, signalling
data link type and bit rate and processing delays.

A small proportion of messages will be subject to additional delay
because of transmission disturbances, network failures, etc.

4.5.2° Message transfer failures

The Message Transfer Parts has been designed to enable it to transfer
messages in a reliable and regular manner even in the presence of network
failures., However, inevitably some failures will occur the consequences of
which cannot be avoided with economic measures. Below, the types of failures
that may occur and some typical probabilities of their occurrence are
described. €8] provides further detailed information that can be used to
estimate failure rates for particular cases.

In the case when a potential user function requires a reliability of
the tramsport service that cannot be guaranteed by the Message Transfer Part,
the reliability for that user may be enhanced by adoption of appropriate
levei 4 procedures, possibly including some means of supplementary end-to-end
error control.

(3854)
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The following types of message transfer failures are possible, and
expected probabilities for such failures in typical applications are indicated,
see also C81:

a) Unavailability of the transport service to one or more
locations - the availability of the message transfer capability
depends on the redundancy provided in the signalling network; the
availability can therefore be dimensioned.

-b) Loss of messages - the probability of loss of messages mainly
depends on the reliability of signalling equipment; typically
it is expected to be lower than 10-7,

c) Mis-sequencing of messages - may in certain configurations of
quasi-associated signalling occur with rare combinations of
independent failures and disturbances. The probability, in
such configurations, of a message being delivered out-of-sequence
depends on many factors but is expected to be lower than 10-10,

d) Delivery of false information - undetected errors may lead to
delivery of false information; the possibility of an error in
a message delivered is expected to be lower than 10-10,

(3854)
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Recommendation Q.702

SIGNALLING DATA LINK

1 General i

1.1 A signalling data link is a bidirectional transmission path for
signalling, comprising two data channels operating together in opposite
directions at the same data rate. It constitutes the lowest functional level
(level 1) in the Signalling System No. 7 functional hierarchy.

1.2 Functional configuration of a signalling data link is shown in
Figure 1-1 (Q.702).

1.3 A digital signalling data link is made up of digital

transmission channels 1) and digital switches or their terminating
equipment providing an interface to signalling terminals. The digital
transmission channels may be derived from a digital stream having a frame
structure as specified for digital exchanges and for pulse code modulation
multiplex equipment (Recommendations G.732 C11], G.733 C2J, G.734 €33,
G.744 C41, G.746 €51, G.73A U5 biel, G.73B L61, G.73C C6 bisT

G.73Y C73, etc.), or from digital streams having a frame structure
specified for data circuits (Recommendations X.50 C81, X.51 C93],

X.50 bis C103, X.51 bis C113).

1.4 An analogue signalling data link is made up of voice-frequency
analogue transmission channels either 4 kHz or 3 kHz spaced, and modems.

1.5 Signalling System No. 7 is capable of operating over both
terrestrial and satellite transmission links 1),

1.6 The operational signalling data link shall be exclusively

dedicated to the use of a Signalling System No. 7 signalling link between two
signalling points. No other information should be carried by the same channel
together with the signalling information.

1.7 Equipment such as echo suppressors, digital pads, or A/u law
convertors attached to the transmission link must be disabled in order to
assure full duplex operation and bit integrity of the transmitted data stream.

1.8 64 kbit/s digital signalling channels entering a digital exchange
via a multiplex structure shall be switchable as semi-permanent channels in the
exchange,

1) The terms transmission channel and transmission link are
used in Signalling System No. 7 instead of transfer channel and transfer
link used in Signalling System No. 6.
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timeslot access equipment in a digital signalling data link.

b. Example 2 : Signalling data link (digital or analogue) via interface
equipncent

Figure 1-1 ( [QT07] ) - Functional configuration of & signalling data link
(3854)




B e See—mas woeereascram

- 137 -
AP VII-No. 18-E

2 Signalling bit rate
2.1 General

2.1.1 The standard bit rate on a digital bearer will be 64 kbit/s.

2.1.2 Lower bit rates may be adopted for each application, taking into

account the user part requirements and the capability of available transmission
. links, .
- i
' 2.1.3 Minimum signalling bit rate for telephone call control :

applications will be 4.8 kbit/s. For other applications such as network
management, bit rates lower than 4.8 kbit/s can also be used. .

2.2 Use of bit rates lower than 64 kbit/s

2.2.1 For national telephone call control applications, use of

Signalling System No. 7 at bit rates lower than 64 kbit/s shall take account

of the requirement to minimize the answer signal delay when in~band line

signalling systems are involved (Recommendation Q.27 C123J). .

2.2.2 Signalling System No. 7 can be used for direct international
application at bit rates lower than 64 kbit/s between countries which have nc
in-band line signalling systems in their national extension networks (see
Section 2.1.3).

2.2.3 The possible use of Signalling System No. 7 at bit rates lower
than 64 kbit/s between countries which have in-band line signalling systems
in their national extension networks is for further study.

3 Error characteristics and availability

Error characteristics and availability requirements will conform to
relevant Recommendations (for example, Recommendation G.8XZ [C13] on digital
circuits). No additional characteristics or requirements will be specified
in this Recommendation.

4 Interface specification points

4.1 Interface requirements may be specified at one of three points, A,

B or C in Figure 4~1 (Q.702). The appropriate point depends on the nature of
transmission links used and the approach toward the implementation of intertace
equipment adopted by each Administration.

4.2 For the international application, interface requirements at
either Point B, or Point C will apply.

4.3 Interface requirements for an international digital signalling
data link will be specified at Point C in accordance with the specific
structure used. (See Section 5.)

4.4 Interface requirements for an international analogue signalling
data link will be specified at Point B on a single channel basis, and thus are
independent of multiplex equipment used. (See Section 6.)

(3854)
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4.5 Interface at Point A may or may not appear in particula:r
implementations, as each Administration may adopt differeat approaches
towards the implementation of interface equipment. 1f 1t does appear in
implementations, then the interface requirements specified in
Recommendations V.10 Cl43, V.11 C153, v.24 C163, v.28 €173, V.35 C183],
V.36 C193, X.24 €200 and G.703 €211 (for 64 kbit/s interface) should be
followed as appropriate.

4.6 Implementations which do not follow all the requirements in the
relevant Recommendation cited above should nevertheless take into account thosc
requirements that are specified for testing and maintenance actions which
require communication between the two ends of a data link. Interface
requirements for testing and maintenance are specified in

Recommendation (Q.707) C223.

5 Digital signalling data linok

5.1 Signalling data link derived from the 2048 kbit/s digital path

When a signalling data link is to be derived from a 2048 kbit/s
digital path, the following shall apply:

a) The interface requirements, specified at Point C in
Figure 4-1 (Q.702), should comply with Recommendations G.703 [211]
for the electrical characteristics and G.732 C1J and G.734 £33
for the frame structure,

b) The signalling bi* rate shall be 64 kbit/s.

c) The standard channel .imeslot for the use of a signalling
data link is timeslot 16. When Timeslot 16 is not available,
any channel timeslot available for 64 kbit/s user transmission
may be used.

d) No bit inversion is performed.

5.2 Signalling data link derived from the 8448 kbit/s digital path

When a signalling data link is to be derived from a B448 kbit/s
digital path, the following shall apply:

a) The interface requirements, specified at Point C in
Figure 4-1 (Q.702), should comply with Recommendations G.703 [213]
for the electrical characteristics and G.744 C4J and G.746 C53
for the frame structure,

b) The signalling bit rate shall be 64 kbit/s.

¢) The standard channel timeslots for the use of a signalling
data link are timeslots 67 to 70 in descending order of priority.
When they are not available, any channel timeslot available for

64 kbit/s user transmission may be used,

d) No bit inversion is performed.

(3854)
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b. Example 2 : Signalling data link (digital or analogue) via interface
equipment

Figure L-1 ( [@.702] ) - Interface specification points

5.3 Signalling data link derived from the 1544 kbit/s digital path

(For further study.)

Note - When a signalling bit rate of 64 kbit/s is adopted, the
values of bits should be inverted within the signalling terminal or the
interface equipment in order to meet the minimum mark density requirements
of the Recommendation G.733 C2) based PCM systems,

5.4 Signalling data link established over a digital path made up
by digital sections based on different (A,U) encoding laws

1

.~

(For further study.)

(3854)

i .




A

R

_“0_
AP VII-No. 1B8-E

5.5 Signalling data link established over data circuits

When a signalling data link is to be established over data circuits
derived from a 64 Kbit/s digital stream having a frame structure as specified
in such Recomnpendations as X.50 C8], X.51 C9], X.50 bie CI0J and
X.51 bis C11J the following shall apply:

a) The interface requirements, specified at Point C in
Figure 4-1 (Q.702), should comply with relevant requirements
in one of the above mentioned Recommendations, applicable to
the environment of the intended use.

b) When 64 kbit/s multiplexed streams are carried on 2048 kbit/s
or 154 kbit/e digital path, Recommendations G.73A [C5 bis3,
G.73b C6], G.73C U6 bis] and G.73y L7 should apply.

6 Analogue signalling data link
6.1 Signalling bit rate
6.1.1 Applications of the analogue signalling data link must take

account of the delay requirements described in Section 2.2,

6.1.2 For telephone call control applications, signalling bit rate over
an analogue signalling data link shall be higher or equal to 4.8 kbit/s.

6.2 Interface requirements

In case of 4.8 kbit/s operation, interface requirements specified at
the interface point B in Figure 4-1 (Q.702) should comply with relevant
requirements specified for 4.8 kbit/s modems in Recommendations V.27 €233 and
V.27 bis £24]. In addition, the following shall apply:

a) Application of either Recommendations V.27 C£23] or
V.27 bis C243 depends on the quality of the analogue
transmission channels used, Recommendation V,27 £23] shall
apply only to transmission channels conforming to
Recommendation M.1020 C25], while Recommendation V.27 bis C243
to transmission channels conforming to Recommendation M.1020 C253
or of lower quality.

b) Full duplex operation over a four-wire transmission link
should be adopted.

c) 1f a separate modem is to be used, the interface requirements
specified in Recommendations V.10 Ci43, V.11 C153, V.24 Cl63
and V.28 C173, applicable at Point A in Figure 4-2 (Q.702),
should be followed as much as possible,

(3854)
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Recommendation Q.703

SIGNALLING LINK

| General i i
. Y 1.1 Introduction N '
' 1.1.1 This Recommendation describes the functions and procedures for and

relating to the transfer of signal messages over one aignalling data link. The
signalling link functions, together with a signalling data link as bearer,
provide a signalling link for reliable transfer of signalling messages between
two directly connected signalling points.

Signalling messages delivered by superior hierarchical levels are
transferred over the signalling link in variable length signal units. The
signal units include transfer control information for proper operation of the
signalling link in addition to the signalling information.

1.1.2 The signalling link functions comprise:
a) Signal unit delimitation.
b) Signal unit aligoment.
c) Error detection.
d) Error correction,
e) Initial alignment.
f) Signalling link error monitoring.

All these functions are coordinated by the link state control, see
Pigure 1-1 (Q.703).

1.2 Signal unit delimitation and aligmment

The beginning and end of a signal unit are indicated by a unique 8 bit
pattern, the flag. Measures are taken to ensure that the pattern cannot be
imitated elsewhere in the unit.

Loss of alignment occurs when a bit pattern disallowed by the
delimitation procedure (more than six consecutive ones) is received, or when a
certsin meximum length of signal unit is exceeded.

Loss of aligmment will cause a change in the mode of operation of the
signal unit error rate monitor.

s
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1.3 Error detection

The error detection function is performed by means of 16 check bits
provided at the end of each signal unit. The check bits are generated by the
transmitting signalling link terminal by operating on the preceding bits of the
signal unit following a specified algorithm. At the receiving signalling link
terminal 1) the received check bits are operated on using specified
rules, which correspond to that algorithm.

If consistency is not found between the received check bits and the
preceding bits of the signal unit, according to the algorithm, then the
presence of errors is iandicated and the signal unit is discarded,

1.4 Error correction

1.4.1 Two forms of error correction are provided, the basic method «n*

the preventive cyclic retransmission wethod. The following criteria sh. "' be
used for determining the international fields of application for the two
methods:

a) the basic method applies for signalling links using
non-intercontinental terrestrial transmission means and for
intercontinental signalling links where the one-way propagation
delay is less than 15 ms,

b) the preventive cyclic retransmission method applies for
intercontinental signalling links where the one-way propagation
delay ie greater than or equal to 15 ms and for all signalling
links established via satellite,

In cases where one signalling link within an international link set is
established via satellite, the preventive cyclic retransmission method should
be used for all signalling links of that link set.

1.4.2 The basic method is a non-compelled, positive/negative

acknowledgement, retransmission error correction system. A signal unit which

has been transmitted is retained at the tr ‘mitting signalling link terminal .
until a positive acknowledgement is receivcs. If a negative acknowledgement is

received then the transmission of new signal units is interrupted and those

signal units which have been transmitted but not yet positively acknowledged

starting with that indicated by the negative acknowledgement will be

retransmitted once, in the order in which they were first transmitted.

1.4.3 The preventive cyclic retransmission method is & non-compelled,
positive acknowledgement, cyclic retransmission, forward error correction
system, A signal unit which has been transmitted is retained at the
transmitting signalling link terminal until a positive acknowledgement for that
signal unit is received. During the period when there arc no new signal units
to be transmitted all the signal units which have not yet been positively
acknowiedged are retransmitted cyclically,

S

1) A signalling link terminal refers to the means of performing
all of the functions defined at level 2 regardless of their implementation.

(3854)
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The forced retransmission procedure is defined to ensure that
forward error correction occurs in adverse conditions (e.g. high error rate
and/or high traffic loading).

When a predetermined number of retained, unacknowledged signal units
exist the transmission of new signal units is interrupted and the retained
signal units are retransmitted cyclically until the number of unacknovledged
signal units is reduced.

1.5 Initial alignment

The initial aligmment procedure is appropriate to both first time
initialization (e.g. after "switch-on") and aligmment in association with
restoration after a link failure. The procedure is based on the compelled
exchange of status information between the two s1gnalllvg:241nts concerned
and the provision of a proving period. No other signalling link is involved in
the initial aligmnment of any particular link, the exchange occurs only on the
link to be aligned.

1.6 Signalling link error monitoring

Two signalling link error rate monitor functions are provided; one
which is employed whilst a signalling link is in service and which provides
one of the criteria for taking the link out of service, and one which is
employed whilst a link is in the proving state of the initial aligmment
procedure. These are called the signal unit error rate monitor and the
alignment error rate monitor respectively. The characteristics of the signal
unit error rate monitcr are based on a signal unit error count incremented and
decremented using the "leaky bucket" principle whilst the alignment error rate
monitor is a linear count of signal unit errors. During loss of aligmment the
signal unit error rate monitor error count is incremented in proportion to the
period of the loss of aligmment,

1.7 Link state control functions

Link state control is a function of the signalling link which
provides directions to the other signalling link functions. The interfaces with
link state control are shown in Figure 1~1 (Q.703) and Figure 1-2 (Q.703). The
split into the functional blocks shown in the Figures is made to facilitate
description of the signalling link procedures and should not be taken to imply
any particular implementation.

The link state control function is shown in the overview diagranm,
Figure 1-2 (Q.703), and the detailed state transition diagram,
Figure 11-2 (Q.703).

(3854)
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2 Basic signal unit forwmat
2.1 General

Signalling and other information originating from a user part is
transferred over the signalling link by means of signal units.

A signal unit is constituted of a variable length signalling
information field which carries the information generated by a user part
and a number of fixed length fields which carry information required for
message transfer control. In the case of link status signal units the
signalling information field is replaced by a status field which is generated
by the signalling link terminal.

2.2 Signal unit format

Three types of signal unit are differentiated by means of the lemgth
indicator contained in all signal units, i.e.: Message Signal Units, link
————— - . . - . - .
status signal units and fill in signal units. Message signal units are
retransmitted in case of error, link status signal unit and fill in signal
units are not. The basic formats of the signal units are shown in Figure 2-1
(Q.703).

e e -

(3854)
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a. Basic format of a Message Signal Unit (MSU)
B :

F cK SIF SI0 LI FoN |1| Bsh F
- B .

8 16 8n, n > 2 8 6 7T 1 71 8
- First bit
b. Format of a Link Status Signal Unit (LSSU) transmitted

B
F CK SF LI FSN 1| BSK r
B
8 16 8 or 16 6 7 1 17 8
First bit
¢. Format of a Fill In Signal Unit (FISU) transmitted
B
F CK LI FSN | Il BSN
B
8 16 6 T 1 171
F - Flag
CK - Check bits
SIF - Signalling information field
SIO - Service information octet
LI - Length indicator
FIB - Forward indicator bit
FSN - Forward sequence number
BIB - Backwvard indicator bit
BSN - Backward sequence number
SF - Status field

(3854)

Figure 2-1 (Q.703) - Signal unit formats
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2.3 Function and codes of the signal unit fields
2.3.1 General

The message transfer control information encompasses 8 fixed length
fields in the signal unit which contsin information required for error control
and message aligmment.

2.3.2 Flag

The opening flag indicates the start of a signal unit. The opening
flag of one signal unit is normally the closing flag of the preceding signal
unit, The closing flag indicates the end of a signal unit, The bit pattern for
the flag is 01111110,

2.3.3 Length indicator

The length indicator is used to indicate the number of octets
following the length indicator octet and preceding the check bits and is a
number in binary code in the range 0-63. The length indicator differentiates
between the three types of signal unit as follows:

Length indicator = 0 : fill in signal unit

Length indicator = } or 2 : link status signal unit

Length indicator = 2 : message signal unit

In national signalling networks, in the case that a signalling
information field spanning more than 62 octets is included in a message signal
unit, the length indicator is set to 63.

2.3.4 Service information octet

The service information octet is divided into the service
indicator and the sub-service field,

The service indicator is used to associate signalling information with
a particular user part and is present only in message signal units.

The content of the sub-service field is described in
Recommendation Q.704, Section 12.2.2 Cl113.

Note - The Message Transfer Part may handle messages for different
users (i.e. messages with different service indicators) with different
priorities, These priorities are for further study.

{3854)
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2.3.5 Sequen-~ numbering

The forward sequence number is the sequence number of the signal
unit in which 1t is carried,

The backward sequence number is the sequence mumber of a signal unit
being acknowledged.

i
The forward sequence number and backward sequence number are numbers

in binary code from a cyclic sequence ranging from 0 to 127 (see Sections 5
and 6).

2.3.6 Indicator bits

The forward indicator bit and backward indicator bit together with
the forward sequence number and backward sequence number are used in the
basic error control method to perform the signal unit sequence control and
acknowledgement functions. (See Sections 5.2 and 6.)

2.3.7 Check bits

Every signal unit has 16 check bits for error detection. (See
Section 4.)

2.3.8 Si nallingrinformation field

The signalling information field consists of an integral number of
octets, greater than or equal to 2 and less than or equal to 62.

In national signalling networks it may consist of up to
272 octets 1).

The format and codes of the signalling information field are defined
for each user part.

2.3.9 Status field

The formats and codes of the status field are described in
Section 9.

2.4 Order of bit transmission

Each of the fields mentioned in Section 2.3 will be transmitted in the
order indicated in Figure 2-1 (Q.703).

Within each field or sub-field the bits will be transmitted with the
least significant bit first. The 16 check bits are transmitted in the order
generated (see Section 4).

1) The value 272 allows a single message signal unit to
accommodate information blocks of up to 256 octets in length accompanied
by a label and possible additional housekeeping information which may, for
example, be used by level 4 to link such information blocks together.

(3854)
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3 Signal uvnit delimitation
3.1 Flags

A signal unit includes an opening flag (see Section 2.2). The opening i
flag of a signal unit is normally considered to be the closing flag of the
preceding signal unit (however, see Note to Section 5). In certain conditions
(e.g. signalling link overload) a number of flags may be generated between two
consecutive signal units.

3.2 Zero insertion and deletion

To ensure that the flag code is not imitated by any other part of the
signal unit the transmitting signalling link terminal inserts a zero after
every sequence of five consecutive ones before the flags are attached and the :
signal unit is transmitted. At the receiving signalling link terminal, after 1
flag detection and removal, each zero which directly follows a sequence of five
consecutive ones is deleted.

4 Acceptance procedure

4.1 Acceptance of aligrment 1

4.1.1 A flag which is not followed immediately by another flag is

considered an opening flag. Whenever an opening flag is received the beginning
of a signal unit is assumed. When the next flag (a closing flag) is received it
is assumed to be the terwination of the signal unit,

4.1.2 1f seven or more consecutive ones are received the signal unit
error rate monitor enters the "octet counting' mode (see Section 4.1.4) and the
next valid flag searched for.

4.1.3 After deletion of the zeroes inserted for transparency the

received signal unit length is checked to be a multiple of 8 bits and at least
6 octets. If it is not then the signal unit is discarded and the signal unit
error rate monitor is incremented. If more than m + 7 octets are received
before a closing flag the "octet counting" mode is entered Usee Figure 9-2
(Q.703)3 and the signal unit is discarded. m is the maximum length of the
signalling information field {in octets) allowed on a particular signalling
link. m takes the value 62 or 272 depending on the maximum message length
restrictions of the signalling network concerned. 1) In the case of the

basic error control method a negative acknowledgement may be sent according
to the rules set out in Section 5.2. |

4.1.4 When the "octet counting” mode is entered all the bits received

after the last flag and before the next flag are discarded. The "octet

counting" mode is left when the next correctly checking Signal Unit is

received, this signal unit is accepted.

1) The value 272 may apply in national signalling networks (see
Section 2.3.8) and it allows a single message signal unit to accommodate
information blocks of up to 256 octets in length accompanied by a ladbel
and possible additional housekeeping information which may, for example,
be used by level 4 to link such information blocks together. It remains
for further study to determine if a unique value for the number of octets
to be received before entering the "octet counting' mode is acceptabie
from an operational point of view.

(3854)
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4.2 Error detection

The error detection function is performed by means of 16 check bits
provided at the end of each signal unit.

The check bits are generated by the transmitting signalling link
terminal. They are the ones complement of the sum (Modulo 2) of;

i) the remainder of xk (15 + x14 + x13 .
+ x12,,.... 4+ x2 4+ x + 1) divided (Modulo 2) by the
generator polynomial x16 + x12 + x5 + 1, where k
is the number of bits in the signal unit existing between, but
not including, the final bit of the opening flag and the first
bit of the check bits, excluding bits inserted for transparency,
and

ii) the remainder after multiplication by x16 and then
division (Modulo 2) by the generator polynomial
x16 + x12 4+ x5 + 1 of the content of the signal
unit, existing between but not including, the final bit of the
opening flag and the first bit of the check bits, excluding bits
inserted for transparency.

As a typical implementation, at the transmitting signalling link
terminal, the initial remainder of the division is preset to all ones and is
then modified by division by the generator polynomial (as described above) on
all the fields of the signal unit; the ones complement of the resulting
remainder is transmitted as the 16 check bits.

At the receiving signalling link terminal, the correspondence between
the check bits and the remaining part of the signal unit is checked; if a
complete correspondence is not found the signal unit is discarded,

As a typical implementation at the receiving signalling link terminal,
the initial remainder is preset to all ones, and the serial incoming protected
bits including the check bits (after the bits inserted for transparency are
removed) when divided by the generator polynomial will result in a remainder of
0001110100001111 (x15 through x0, respectively) in the absence of
transmission errors,

S Basic error correction method
5.1 General

The basic error correction method is a non-compelled method in which
correction is performed by retransmission. In normal operation the method
ensures correct transfer of message signal units over the signalling link, in
sequence and with no double delivery. As a consequence, no resequencing or
eliminating of the received information is required within the user parts.

Positive acknowledgements are used to indicate correct transfer of a
message signal units. Negative acknowledpements are used as explicit requests
for retransmission of signal units received in a corrupt form.

(3854)
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To minimize the number of retransmissions and the resulting message
signal unit delay a request for retransmission is made only when & message
signal unit (not another signal unit) has been lost because of, for example,
transmission errors or disturbances.

The method requires that transmitted but not yet positively
acknowledged message signal units remain available for retransmission. To
maintain the correct message signal unit sequence when a retransmission is
made, the message signal unit, the retransmission of which has been requested,
and any subsequently transmitted message signal units are retransmitted in the
order in which they were originally transmitted.

As part of the error correction method each signal unit carries a
forward sequence number, a forward indicator bit, a backward sequence number
and & backward indicator bit. The error correction procedure operates
independently in the two transmission directions. The forward sequence number
and forward indicator bit in one direction together with the backward sequence
number and backward indicator bit in the other direction are associated with
the message signal unit flow in the first direction. They function
independently of the message signal unit flow in the other direction and its
associated forward sequence number, forward indicator bit, backward sequence
number and backward indicator bit.

The transm.ssion of new message signal units is temporarily stopped
during retransmissions or when no forward sequence number values are available
to be assigned to new message signal units (due to a high momentary load or
corruption of positive acknowledgements) {see Section 5.2.2).

Under normal conditions, when no message signal units are to be
transmitted or retransmitted, fill in signal units are sent continuously. In
some particular cases link status signal units, continuous fill-in signal units
or flags may be sent as described in Sections 7, 8 and 10,

5.2 Acknowledgements (positive adknowledgement and negative
acknowledgement )

5.2.1 Sequence numbering

For the purposes of acknowledgement and signal unit sequence control,
each signal unit carries two sequence numbers. The signal unit sequence control
is performed by wmeans of the forward sequence number. The acknowledgement
function is performed by means of the backward sequence number.

The value of the forward sequence number of a message signal unit is
obtained by incrementing (Modulo 12B, see Section 2.3.5) the last assigned
value by 1.

This forward sequence number value uniquely identifies the wessage
signal unit until its delivery is accepted without errors and in correct
sequence, by the receiving terminal. The forward sequence number of a signal
unit other than a measage signal unit assumes the value of the forward sequence
number of the last transmitted message signal unit,

(3854)




- 55 -
AP VII-No. 1B-E

5.2.2 Signal unit sequence control

Information regarding the service information octet, signalling
information field and forward sequence number and the length of each message
signal unit is retained at the transmitting signalling link terminal until an
scknowledgement is received (see Section 5.2.3). In the meantime the same

. forward sequence number cannot be used for another message signal unit (see
. Section 5.2.3). ‘
A forward sequence number value can be assigned to a new message
. . signal until it is sent when a positive acknowledgement concerning that value
y incremented by at least one (Modulo 128) is received (see Section 5.2.3).

This means that not more than 127 signal units may be available for
retransmission.

The action to be taken at the receiving signalling link terminal upon
receipt of a correctly checking signal unit is determined by comparison of the
received forward sequence number with the forward sequence number of the last
previously accepted signal unit and on comparison of the received forward
indicator bit with the latest sent backward indicator bit, In addition as the
appropriate action differs for a message signal unit and another signal unit,
the length indicator of the received signal unit mus be examined.

a) If the signal unit is a fill-in signa unit then:

i) If the forward sequence amber v..ue equals the forward
sequence number value of cne last accepted message signal
unit then the signal unit is procussed within the message
transfer part,

ii) If the forward sequence numbcr value ic different from the
forward sequence number value of the lasr accepted message
signal unit, then the signal urit is processed within the
message transfer part, If the received forward indicator
bit is in the same state as the last sent backward
indicator bit, a negative acknowledgement is sent.

b) 1f the signal unit is a link status signal unit then it
is processed within the message transfer part,

i) If the forward sequence number value is the same as that of
the last accepted signal unit then the signal unit is
discarded, regardless of the state of the indicator bits.

ii) If the forward sequence number value is one more (Modulo 128
see Section 2.3.6) than that of the last accepted signal
unit and if the received forward indicator dbit is in the
same state as the last sent backward indicator bit, then
the signal unit is accepted and delivered to level 3.

..

Explicit positive acknowledgements to the accepted signal
units are sent as specified in Section 5.2.3.

1f the forward sequence number is one more than that of
the last accepted signal unit and if the received forward
indicator bit is not in the same state as the last sent
backward indicator bit then the signal unit is discarded.

(3854)
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iii) 1If the forward sequence number value is different fror those
values mentioned in (i) and (ii) above, then the signal
unit is discarded. If the received forward indicator bit
is in the same state as the last sent backward indicator
bit a negative acknowledgement is sent.

Monitoring of the backward sequence number value and
backward indicator bit value is performed even for those
signal units that are discarded by the signal unit sequence
control as described in Section 5.3,

5.2.3 Positive acknowledgement

The receiving signalling link terminal acknowledges the acceptance of
one or more message signal units by assigning the forward sequence number value
of the latest accepted message signal unit to the backward sequence number of
the next signal unit sent in the opposite direction. The backward sequence
numbers of subsequent signal units retain this value until a further message
signal unit is acknowledged, which will cause a change of the backward sequence
number sent.

The acknowledgement to an accepted message signal unit also represents
an acknowledgement to all, if any, previously accepted, though not yet

acknowledged, message signal units.

5.2.4 Negative acknowledgement

If a negative acknowledgement 1is to be sent {(see Section 5.2.2) then
the backward indicator bit value of the signal units transmitted is inverted.
The new backward indicator bit value is maintained in subsequently sent signal
units until a new negative acknowledgement is to be s2nt. The backward sequence
numbers assume the value of the forward sequence numter of the last accepted
message signal unit.

5.3 Retransmission

5.3.1 Response to a positive acknowledgement

The transmitting signalling link terminal examines the backward
sequence number value of the received message signal units and fill-in signal
units that have satisfied the polynomial error check. The previously sent
message signal unit, which has a forward sequence number value identical to
the received backward sequence number value will no longer be available for
transmission.

When an acknowledgement of a message signal unit having a given
forward sequence number value is received, all other message signal units
which preceded that message signal unit are considered to be acknowledged even
though the corresponding backward sequence numbers have not been received.

In the case that the same acknowledgement is consecutively received a
number of times no furthe: action is taken.

In the case that a signal unit is received having a backward sequence
number value which is not the same as the previous one or one of the forward
sequence number values of the signal units available for retransmission, the
signal unit is discarded. The following signal unit is discarded.

(3854)
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If any two backward sequence number values in three consecutively
received signal units are not the same as the previous one or any of the
forward sequence number values of the signal units in the retransmission
buffer at the time that they are received, then level 3 is informed that the
link is faulty.

In the case of excessive delay in the reception of a link failure
indication is given to level 3.

5.3.2 Response to a negative acknowledgement

When the received backward indicator bit is not in the same state as
the last sent forward indicator bit all the message signal units available for
retransmission are transmitted in correct sequence starting with the signal
unit which has a forward sequence number value of one more (Modulo 128, see
Section 2.3.6) than the backward sequence number associated with the received
backward indicator bit.

New message signal units can only be sent when the last message signal
unit available for retransmission has been transmitted.

At the start of a retransmission the forward indicator bit is
inverted, it thus becomes equal to the backward indicator bit value of the
received signal units. The new forward indicator bit value is maintained in
subsequently transmitted signal units until a new retransmission is started.
Thus, under normal conditions the forward indicator bit included in the
transmitted signal units is equal to the backward indicator bit value of the
received signal units. If a retransmitted message signal unit is lost then this
is detected by a check on the forward sequence number and forward indicator bit
(see Section 5.2.2) and a new retransmission request is made.

In the case that a signal unit is received having a forward indicator
bit value indicating the start of a retransmission when no negative
acknowledgement has been sent then that signal unit is discarded.

1f any two forward indicator bit values in three consecutively
received signal units indicate the start of a retransmission when no negative
acknowledgement has been sent at the time that they are received, then level 3
is informed that the link is faulty.

Note - Repetition of message signal units

The signal unit sequence control makes it possible to repeat a message
signal unit which has not yet been acknowledged without affecting the basic
error correction procedure. Thus a form of forward error correction by means of
repetition of message signal units is possible as a national option (for
example to reduce the effective signalling link speed in special national
applications, and in long loop delay applications to lower the retransmission
rate and thus reduce the average message delay). In the case of repetition each
signal unit should be defined by its own opening and closing flags (i.e. there
should be at least two flags between signal units) to ensure that the repeated
signal unit is not lost by the corruption of only a single flag.

(3854)
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6 Error correction by preventive cyclic retransmission
6.1 General

The preventive cyclic retransmission method is essentially a
non-compelled forward error correction method, whereby positive
acknowledgements are needed to support the forward error correction.

Each message signal unit must be retained at the transmifting
signalling link terminal until a positive acknowledgement arrives from the
receiving signalling link terminal.

Error correction is effected by preventive cyclic retransmission of
the message signal units already sent, though not yet acknowledged, preventive
cyclic retransmission takes place whenever there are no new wessage signal
units or link status signal units available to be sent.

To complement preventive cyclic retransmission, the message signal
units available for retransmission are retransmitted with priority when a limit
of the number of message signal units or a limit of the number of message
signal unit octets available for retransmission has been reached.

Under normal conditions, when no message signal units are to be
transmitted or cyclically retransmitted, fill-in signal units are sent. In some
particular cases link status signal units, continuous fill-in signal units or
flags may be sent as described in Sections 7, 8 and 10.

6.2 Acknowledgements

6.2.1 Sequence numbering

For the purposes of acknowledgement and signal unit sequence control,
each signal unit carries 2 sequence numbers. The signal unit sequence control
is performed by means of the forward sequence number. The acknowledgement
function is performed by means of the backward sequence number.

The value of the forward sequence number of a message signal unit is
obtained by incrementing (Modulo 128, see Section 2.3.6) the last assigned
value by 1. This forward sequence number value uniquely identifies the message
signal unit until its delivery is accepted without errors and in correct
sequence, by the receiving signalling link terminal. The forward sequence
number of a signal unit other than a message signal unit assumes the value of
the forward sequence number of the last transmitted message signal unit.

6.2.2 Signal unit sequence control

Information regarding the service information octet, signalling
information field and forward sequence number of each message signal unit is
retained at the transmitting signalling link terminal until the related
acknowledgement is received (see Section 6.2.3). In the weantime the same
forward sequence number value cannot be used for another wmessage signal unit
(see Section 6.2.3).

A forward se,ience number value can be assigned to a new messape

signal unit to be sent when en acknowledgement concerning that value
incremented by at least one {Modulo 128) is received (see Section 6.2.3).

(3854)
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The action to be taken at the receiving signalling link terminal upon
receipt of a correctly checking signal unit is determined by comparison of the
received forward sequence number with the forward sequence number of the last
previously accepted signal unit,

In addition, as the appropriate action differs for a message signal
unit and another sigral unit, the length indicator of the receiyed signal unit
must be examined., The forward indicator bit and the backward indicator bit are
not used and are set to one. :
a) If the signal unit is not a message signal unit then the

signal unit is processed within the message transfer part,

b) If the signal unit is a message signal unit then:
i) If the forward sequence number value is the same as that
of the last accepted signal unit then the signal unit is
discarded.

ii) If the forward sequence number value is one more
(Modulo 128, see Section 2.3.6) than that of the last
accepted signal unit then the signal unit is accepted and
delivered to level 3.

Explicit positive acknowledgements for the accepted signal
units are sent as specified in Section 5.2.3.

iii) If the forward sequence number value is different from
the values mentioned in i) and ii) above then the signal
unit is discarded. Monitoring of the backward sequence
number value is performed even for those signal units that
are discarded by the signal unit sequence control, as
described in Section 6.3.1.

6.2.3 Positive acknowledggpent

The receiving signalling link terminal acknowledges the acceptance of
one or more message signal units by assigning the forward sequence number value
of the latest accepted message signal unit to the backward sequence number of
the next signal unit sent. The backward sequence numbers of subsequent signal
units retain this value until a further message signal unit is acknowledged,
which will cause a change of the backward sequence number sent, The
acknowledgement to an accepted message signal unit also represents an
acknowledgement to all, if any, previously accepted though not yet ackuowledged
signal units.
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6.3 Preventive cyclic retransmission

6.3.1 Response to a positive acknowledgement

All message signal units sent for the first time are retained until
they have been positively acknowledged.

The transmitting signalling link terminal examines the backward
sequence number value of the received message signal units and fill-in signal
units that have gatisfied the polynomial error check. The previously sent
message signal unit, the forward sequence number value of which is the same
as the backward sequence number value, will no lunger be available for
retransmission.

When an acknowledgement for a message signal unit having a given
forward sequence number value is received all other message signal units, if
any, having forward sequence number values preceding that value (Modulo 128)
are considered to be acknowledged, even though the corresponding backward
sequence number has not been received.

In the case that the same acknowledgement is consecutively received a
number of times no further action is taken,

In the case that a signal unit is received having a backward sequence
number value which is not the same as the previous one or one of the forward
sequence number values of the signal units in the retransmission buffer the
signal unit is discarded. The backward sequence number of the following signal
unit is not used as an acknowledgement to signal units in the retransmission
buffer,

1f any two backward sequence number values in three consecutively
received signal units are not the same as the previous one or any of the
forward sequence number values of the signal units in the retransmission buffer
at the time that they are received, then level 3 is informed that the link is

faulty,
6.3.2 Preventive cyclic retransmission procedure
i) If no new signal units are available to be sent, the message
signal units available for retransmission are retransmitted
cyclically,

ii) If new signal units are available, the retransmission cycle,
if any, must be interrupted and the signal units be sent with
priority.

iii) Under normal conditions, when no message signal units are
to be transmitted or cyclically retransmitted, fill-in signal
units are sent continuously, In some particular cases link status
esignal units or flags may be sent as described in Sections 7
and 10,

(3854)
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6.4 Forced retransmission

To maintsin the efficiency of error correction in those cases where
automatic error correction by preventive cyclic retransmission alone is made
impossible (by, for example, high signalling load) the preventive cyclic
retransmission procedures must be complemented by the forced retransmission
procedure. i

6.4.1 Forced retransmission procedure :

Both the number of message signal units available for retransmission
(N]1) and the number of message signal unit octets available for
retransmission (N2) are monitored continuously.

If one of them reaches its set limit, no new message signal units or
fill-in signal units are sent and all the message signal units available for
retransmission are retransmitted once with priority, in the order im which
they were originally transmitted. If all message signal units available for
retransmission have been sent once and neither Nl nor N2 is at its limit
value, the normal preventive cyclic retransmission procedure can be resumed,
not, all the message signal units available sent again with priority.

6.4.2 Limitation of the values N1 and N2

N] is limited by the maximum numbering capacity of the forward
sequence number range which dictates that not more than 127 message signal
units can be available for retransmission.

In the absence of errors N2 is limited by the signalling link loop
delay TL. It must be ensured that not more than TL/Teb + 1 message
signal unit octets are available for retransmission.
Where:
TL is the signalling link loop delay, i.e. the time between the
sending of a message signal unit and the reception of the

acknowledgement for this message signal unit in undisturbed
operation;

and

Tedb is the emission time of one octet.

(3854)
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7 Initial alignment procedure
7.1 General

The procedure is applicable to activation and to restoration of the
link. The procedure provides a ''normal" proving period for "normal initial
alignment and an "emergency' proving period for "emergency'" initial alignment.
The decision to apply either the "normal’” or the "emergency' procedures is made
unilaterally at level 3 (see Recommendation Q.704 C3]). Only the signalling
link to be aligned is involved in the initial aligmment procedure (i.e. no
transfer of aligmment information over other signalling links is required).

7.2 Initial alignment status indications

The initial alignment procedure employs four different alignment
status indications:

- Status indication "0" (out of aligrment)

- Status indication "N" ("normal" alignment status)
g

- Status indication "E" (“emergency' alignment status)

- Status indication "0S" (out of service)

These indications are carried in the status field of the link status
signal units (see Section 2.2).

Status indication ""O” 1is transmitted when initial alignment has been
started and none of the status indications "O0", "N", "E" or "0S" are received
from the link. Status indication "N" is transmitted when, after having started
initial alignment status indication "0", "N", "E" or "0S" is received and the
terminal is in the "normal" alignment status. Status indication "E" is
transmitted when, after having started initial alignment status indication "0",
“N", "E" or "0S" is received and the terminal is in the "emergency" alignment
status, i.e. it must employ the short "emergency" proving period.

Status indications "N" and “E" indicate the status of the transmitting
signalling link terminal; this is not changed by reception of status
indications indicating a different status at the remote signalling link
terminal. Hence, if a signalling link terminal with a '"normal" alignment status
receives a status indication "E" it continues to send status indication "N" but
initiates the short "emergency"” proving period.

Status indication "0S" informe the remote signalling link terminal
that for reasons other than processor outage (e.g. on link failure) the
signalling link terminal can neither receive nor transmit message signal
units.

(3854)
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7.3 Initial alignment procedure

The alignment procedure passes through a number of states during the
initial alignment:

- State 00, the procedure is suspended.

i
- State 01, "not aligned"; the signalling link is not aligned and
the terminal is sending status indication “O0". Timeout T2
is started on entry to State 01 and stopped when State 0l
is left. 1),

- State 02, "aligned"; the signalling link is aligned and the
terminal is sending status indication "N" or "E", status
indications "N", "E" or "0S" are not received. Timeout T3
is started on entry to State 02 and stopped when State 02 is
left.

- State 03, "proving"; the signalling link terminal is sending
status indication "N" or "E", status indication "0" or "OS"
are not received, the backward indicator bit and the backward
sequence number transmitted are set to the received forward
indicator bit and forward sequence number, proving has been
started.

The procedure itgelf is described in the overview diagram, Figure 7-!
(Q.703), and in state transition diagram, Figure 11-3 (Q.703).

7.4 Proving periods

The values of the proving periods are:

Pn = 216 octets Pe =212 octets for both 64 kbit/s
and lover bit rates. These values correspond to times of 8.2s and 0.5s
respectively at 64 kbit/s, and 110s and 7s at 4.8 kbit/s,

8 Processor outage

The procedure for dealing with local and/or remote processor outage is
described in Figure 1-4 (Q.703).

A processor outage situation occurs when, due to factors at a
functional level higher than level 2, use of the link is precluded.

In this context, processor outage refers to a situation when
signalling messages cannot be tranaferred to functional levels 3 and/or 4. This
may be because of, for example, a central processor failure, It may also be due
to a manually initiated blocking of an individual signalling link (see C43).

A processor outage condition may thus not necessarily affect all signalling
links in a signalling point, nor does it exclude the possibility that level 3
is able to control the operation of the signalling link,

— -

1) 1t must be ensured that the values of this timeout are
different at each end of & signalling link (see Recommendation Q.704,
Section 10 C3)).

(3854)
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When level 2 identifies a local processor outage condition, either by

receiving an explirit indication from level 3, (i,e, local signalling link

blocking, see Recommendation Q.704, Section 3.2.6 C4]), or by recognizing a
i failure of level 3, it transmits link status signal units indicating processor
| outage. Provided that the level 2 function at the far end of the signalling
link is in its normal operating stage (i.e. transmitting message signal units
or fill~in signal units), upon receiving link status signal units indicating
processor outage it notifies level 3 and begins to continuously transmit
£ill-in signal unite. As soon as it correctly receives a message signal unit or
a fill-in signal unit it notifies level 3 and returns to normal operation.

When the local processor outage condition ceases, normal transmission
of message signal units and fill-in signal units is resumed (provided that no
local processor outage condition has arisen also at the remote end); as soon as
the level 2 function at the remote end correctly receives a message signal unit
or fill-in signal unit, it notifies level 3 and returns to normal operation.
Format and code of link atatus signal units indicating processor outage (status {
indication 'PO’') appear in Section 10.

(3854)
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9 Signalling link error monitoring
| 9.1 General

Two link error rate monitor functions are provided; one which is
employed whilst a signalling link is in service and which provides one of the
criteria for taking the link out of service, and one which is employed whilst a
link is in the proving state of the initial alignment procedure (see
Section 7.3), These are called the signal unit error rate monitor and the
alignment error rate monitor respectively.

9.2 Signal unit error rate wmonitor

9.2.1 The characteristics of the signal unit error rate monitor are
described by the curve of an orthogonal hyperbola which gives the time to cause
a link failure indication to Level 3 (expressed in terms of messages) as a
function of the signal unit error rate. The two parameters which determine the
curve are; the number of consecutive Signal Units received in error that will
cause an error rate high indication to Level 3, T (signal units), and the
lowest signal unit error rate which will ultimately cause an error rate high
indication to level 3, 1/D (signal unit errors/signal unit), Csee Figure 9-1
(Q.703)31.

9.2.2 The signal unit error rate wonitor may be implemented in the form

of an up/down counter decremented at a fixed rate (for every D received signal
units or signal unit errors indicated by the acceptance procedure), but not
below zero, and incremented every time a signal unit error is detected by the
signal unit acceptance procedure (see Section 4), but not above the threshold
LT (signal units)J, An excessive error rate will be indicated whenever the
threshold CT (signal units)J is reached.

9.2.3 In the "octet counting" mode (see Section 4.1) the counter is
incremented for every N octets received until a correctly checking signal unit
is detected (causing the ''octet counting' mode to be left).

9.2.4 When the link is brought into service the monitor count should
start from zero.

9.2.5 The values of the three parameters are:
T = 64 signal units
D = 256 signal units/signal unit error |} For 64 kbit/s

N = 16 octets

T = 16 signal units .

D = 256 signal unite/signal unit error | For lower bit rates

N = 16 octets

In the case of loss of alignment these figures will give times of
approximately 128 ms and 854 ms to initiate changeover for 64 kbit/s and
4.8 kbit/s respectively,

(3854)
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9.3 Alignment error rate monitor
9.3.1 The alignment error rate monitor is a linear counter which is

operated during normal and emergency proving periods.

9.3.2 The counter is started from zero whenever the proving state

LState 03 of Figure 11-3 (Q.703)] of the aligoment procedure i§ entered and is
then incremented for every signal unit error detected. It is also incremented
for every N octets received while in the octet counting mode, as described in
Section 9.2.3,

9.3.3 When the counter reaches a threshold Ti, that particular proving
period is aborted; on receipt of a correct signal unit or the expiry of the
aborted proving period the proving state is re-entered., If proving is aborted M
times then the link is returned to the out of service state. A threshold is
defined for each of the two types of proving period (normal and emergency, see
Section 7). These are Tin and Tie and apply to the normal proving

period and the emergency proving period respectively.

Proving is successfully completed when a proving period expires
without an excessive error rate being detected and without the receipt of
status indication "0" or "OS".

9.3.4 The values of the 4 parameters for both 64 kbit/s and lower bit
rates are:

Tin= &
Tie = 1
M = 5
N =16

(3854)
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10 Level 2 codes and priorities

10.1 Link etstus signal unit

10.1.1 The liok status signal unit is identified by a length indicator

value equnl to 1 or 2. If the length indicator has a value of ] then the status
field consists of one octet, if the length indicator has a valup of 2 then the
status field consists of two octets.

10.1.2 The format of the one octet status field is as follows:

CRA
Spare . S?atu;
indications
First bit
transmitted
p) 3 —
CCiTT-3%620

Figure 10~-1 (Q.TO3) ~ Status field format

10.1.3 The use of the link status indications is described in Section 7;
they are coded as follows:

CBA

000 ~ Status indication "O"
001 ~ Status indication "N"
010 ~ Status indication "E"

011 - Status indication "OS"

100 - Status indication "PO"

10.2 Transmission priorities within level 2

10.2,1 Five different items can be transmitted:
i) New message signal units.
ii) Message signal units which have not yet been acknowledged.
iii) Link status signal units.
iv) PFill-in signal units,
v) Flags.

In certain failure conditions it may only be possible to send flags or
nothing at all,

(3854)
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10.2.2 For the basic error control method, two different priority
situations may exist:

A: Transmission B: Retransmission

The priorities for each of these cases are shown in Figure 10-2

(Q.703).
PRIORITY CASS
A B
HIGHLST 1ii iid
i ii
iv iv
v v

LOVEST

Figure 10-2 ( @.703 ) - Level 2 Priorities for the
Basic Error Control Method

10.2.3 For the preventive cyclic retransmission methods two priority
situations may exist:

A: Normal case. B: Forced retransmission case.

The priorities for each of these cases are shown in Figure 10-3

(Q.703).
PRIORI1Y CASE
A R
HICHEST i14 i14
i i1
i1 i
iv iv
v v

LOWEST

Figure 10-3 (.703 ) - Level 2 Priorities for the
Preventive Cyclic Retransmission
Method

Note - In the basic error control method, where the repetition of
message signal units is employed as a national option, the repeated message
signal unit will have a priority immediately below that of link status signal
units.

(3854)
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11 State transition diagrams
This section contains the description of the signalling link control

functions, described in this Recommendation, in the form of state transition
diagrams according to the CCITT Specification and Description Language (SDL).

- Detailed functional block diagram: Figure 11-1 (p.703). )
; - Link state control: Pigure 11-2 (Q.703). . f
: - Initial alignment control: Figure 11-3 (Q.703).

- Process or outage control: Figure 11-4 (Q.703),

- Delimitation, alignment and error control (receiving):
Figure 11-5 (Q.703).

- Delimitation, alignment and error control (transmitting):
Figure 11-6 (Q.703).

- Basic transmission control: Figure 11-7 (Q.703).
- Basic reception control: Figure 11-8 (Q.703).

- Preventive cyclic retransmission transmission control:
Figure 11-9 (Q.703).

- Preventive cyclic retransmission reception control:
Figure 11-10 (Q.702),

- Alignment error rate monitor: Figure 11-11 (Q.703).
- Signal unit error rate monitor: Figure 11-12 (Q,703).

The detailed functional breakdown shown in the following diagrams is
intended to illustrate a reference model and to assist interpretation of the
text in the earlier sections. The state transition diagrams are intended to
show precisely the behaviour of the signalling system under normal and abnormal
conditions as viewed from a remote location. It must be emphasized that the
functional partitioning shown in the following diagrams is used only to
facilitate understanding of the system behaviour and is not intended to specify
the functional partioning to be adopted in a practical implementation of the
signalling system.

In the following figures the term signal unit refers to units which
do not contain all error control information.

(3854)
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ABBREVIATIONS USED IN FIGURE 11-1 (Q.703)

Transmission buffer
Retransmission buffer

Link state control

Alignment error rate monitor
Signal unit

FSN of the last MSU transmitted
Negative acknowledgement

FSN expected

BSN received

BIB received

BIB expected

Status indication "OQ"

Status indication "N"

Status indication "E"

Status indication "out of service"
Status indication "processor outage"
Fill-in signal unit

Message signal unit

BIB to be transmitted

BSN to be transmitted
Delimination, alignment and error detection (receiving)
Reception control

AERM threshold

Normal AERM threshold

Signal unit error rate monitor
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Recommendation Q.704

SIGNALLING NETWORX FUNCTIORS AND MESSAGES

1 Introduction
1.1 General characteristics of the signalling network functions
1.1.1 This Recommendation describes the functions and procedures for and

relating to the transfer of messages between the signalling points, which are
the nodes of the signalling network. Such functions and procedures are

per formed by the Message Transfer Part at level 3, and therefore they assume
that the signalling points are connected by signalling links, incorporating the
functions described in Recommendations Q.702 C1J and Q.703 C2]. The signalling
network functions must ensure a reliable transfer of the signalling messages,
according to the requirements specified in Recommendation Q.706 C3] even in the
case of the failure of signalling links and signalling transfer points;
therefore they include the appropriate functions and procedures necessary both
to inform the remote parts of the signalling network of the consequences of a
fault, and to appropriately reconfigure the routing of messages through the
signalling network.

1.1.2 According to these principles, the signalling network functions
can be divided into two basic categories, namely:

- signalling message handling, and

- signalling network management.

The signalling message handling functions are briefly summarised in
Section 1.2, the signalling network management functions in Section 1.3. The
functional inter-relations between these functions are indicated in Figure 1-1
(Q.704).

1.2 Signalling message handling

1.2.1 The purpose of the signalling message handling functions is to

ensure that the signalling messages originated by a particular User Part at a
signalling point (originating point) are delivered to the same User Part at the
destination point indicated by the sending User Part.

Depending on the particular circumstances, this delivery may be made
through a signalling link directly interconnecting the originating and
destination points, or via one or more intermediate signalling transfer
points,

1.2.2 The signalling message handling functi.cns are based on the label
contained in the messages which explicitly identifies the destinatiun and
originating points.

The label part used for signalling message handling by the Message

Transfer Part is called the routing label; its characteristics are described
in Section 2.

(3854)




- 100 -
AP V1I-No. 1B-E

1.2.3 As illustrated in Figure 1-1 (Q.704), the signalling message handling
functions are divided into:

- the message routing function, used at each signalling point
to determine the outgoing signalling link on which a message has
to be sent towards its destination point; .

- the message discrimination function, used at a signalli‘g
point to determine whether a received message is destinad to the
point itself or has to be transferred to the message routing
function (i.e. when the concerned point acts as a signalling
transfer point);

e 2N

(YN

- the message distribution function, used at each signalling
point to deliver the received messages (destined to the point
itself) to the appropriate User Part.

The characteristics of the message routing, discrimination and
distribution functions are described in Section 2.

1.3 Signalling network management
1.3.1 The purpose of the signalling network management functions is to

provide reconfiguration of the signalling network in the case of failures. Such
a reconfiguration is effected by use of appropriate procedures to change the
routing of signalling traffic in order to by-pass the faulty links or
signalling points; this requires communication between signalling points (and,
in particular, the signalling transfer points) concerning the occurrence of the
failures. Moreover, in some circumstances it is necessary to activate and align
new signalling links, in order to restore the required signalling traffic
capacity between two signalling points. When the faulty link or signalling
point is restored the opposite actions and procedures take place, in order to
re-establish the normal configuration of the signalling network.

1.3.2 As illustrated in Figure 1-1 (Q.704), the signalling network
management functions are divided into:

~ signalling traffic wanagement,
- signalling link management, and
~ signalling route management.

These functions are used whenever an event (such as the failure or
restoration of a signalling link) occurs in the signalling network; the list of
the possible events and the general criteria used in relation to each
signalling network management function are specified in Section 3.

4 115
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1.3.3 Sections 4 to 9 specify the procedures pertaining to signalling
traffic management. In particular, the rules to be followed for the
modification of signalling routing appear in Section 4. The diversion of
traffic according to these rules is made, depending on the particular
circumstances, by means of one of the following procedures: changeover,
changeback, forced rerouting and controlled rerouting. They EFE'EFEETTxed
in Section 5 to § respectively. Moreover in the case of congestion at
signalling points the signalling traffic management may need to slow down
signalling traffic on certain routes by using the signalling traffic flow
control procedure specified in Section 9.

1.3.4 The different procedures pertaining to signalling link management
are: restoration, activation and inactivation of a signalling link,

link set activation and automatic allocation of signalling terminals and
signalling data [inks. These procedures are specified in Section 10. An
alternative to these procedures which may be used within national networks is
described in Annex A.

1.3.5 The different procedures pertaining to signalling route management
are: the transfer-prohibited, transfer~allowed and signalling-route-set
test procedures specilied in Section IlI.

1.3.6 The format characteristics, common to all message signal units
which are relevant to the Message Transfer Part, level 3, are specified in
Section 12,

1.3.7 Labelling, formatting and coding of the signalling network management
messages are specified in Section 13.

1.3.8 The description of signalling network functions in form of state
transition diagrams according to the CCITT Specification and Description
Language (SDL) is given in Section 14.

(3854)
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2 Signalling message handling

2.1 General

2.1.1 Signalling message handling comprises message routing, discrimination
and distribution functions which are performed at each signal}ing point in the
signalling network. i

Message routing is a function concerning the messageés to be sent,
while message distribution is a function concerning the received messages. The
functional relations between message routing and distribution appear in
Figure 2-1 (Q.704).

Distri- Discrimi-

bution nation y
To/from Level L To/fror Leve] -
(up level) i0 ror eve |

—- Routing j—p—o
oIy - 38740
Figure »-1 (iQ.7OE!) ~ Message routing, discrimination and
distribution
2.1.2 When a message comes from level 4 (or is originated at level 3, in the

case of Message Transfer Part-level 3 messages), the choice of the particular
signalling link on which it has to be sent is made by the message routing

fun tion. When two or more links are used at the same time to carry traffic
having a given destination, this traffic is distributed among them by the load
shiring function, which is a part of the message routing function.

2.1.3 When a message comes from level 2, the discrimination function is
activated, in order to determine whether it is destined to this signalling
point (acting as a destination point), or it is destined to another signalling
point in which case it has to be transmitted on an outgoing link according to
the routing function (signalling point acting as a signalling transfer point).

2.1.4 In the case that the message 18 destined to the receiving signalling
point, the message distribution function is activated in order to deliver it to
the appropriate User Part (or to the local Message Transfer Part-level 3
functions).

2.1.5 Message routing, discrimination and distribution are based on the part
of the label called the routing label, on the service indicator and, in
national networks, also on the national indicator. They can also be influenced
by different factors, such as a request (automatic or manual) obtained from a
management system.

(3854)
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2.1.6 The position and codinp of the service indicator and of the nationns!
indicator are described in Section 12.2. The characteristics of the label of
the messages pertaining to the various User Parts are described in the
specification of each separate User Part and in Section 13 for the signalling
network management messages. The label used for signalling network managems -t
messages 1s also used for testing and maintenance messages [sec
Recommendation Q.707 (4)3. Moreover the general characteristics of the routing
label are described in Section 2.2. :

3
L] . - . . . .
R A description of the detailed characteristics of the message rtouting
function, including load sharing, appears in Section 2.3; principles concernin;
the number of load shared links appear in Recommendation Q.705,

Section 2.3 C51.

A description of the detailed characteristics of the messape

) U

discrimination and distribution functions appears in Section 2.4.

2.2 Routing label
2.2.1 The label contained in a signal message, and used by the relevant

User Part to identify the particular task to which the message refers (e.g. a
telephone circuit), is also used by the Message Transfer Part to route the
message towards its destination point.

The part of the message label that is used for routing is called the
routing label and it contains all the information necessary to deliver the
—_——— . . .
message to 1ts destination point.

Normally the routing label is common to all the services and
applications in a given signalling network (national or international)
(however, if this is not the case, the particular routing label of a message ic¢
determined by means of the service indicator).

The standard routing label is specified in the following. This label
should be used in the international signalling network and is applicable also
in national applications.

Note ~ There may be applications using a modified label having the
same order and function, but possibly different sizes, of sub-fields as the
standard routing label.

0.

(3854)
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2.2.2 The standard routing label has a length of 32 bits and is placed at
the beginning of the Signalling Information Field. Its structure appears in
Figure 2-2 (Q.704).

— -

sLS oPC pPC

e —— -

d WY

| Y
[Length j1st bit

| ' (bit) w Routing label o transritte?
| Label

v cart - ¥ no

.
LY

DPC = Destination Point Code
OPC = Originating Point Code
SLS = Signalling Link Selection

Figure 2-2 (|Q.70L]|) - Routing label structure

2.2.3 The destination point code (DPC) indicates the destination point of
the message. The originating point code (OPC) indicates the originating

point of the message. The codlng ol these codes is pure binary. Within each
field the least significant bit occupies the first position and is transmitted
first.

A unique numbering scheme for the coding of the fields will be used
for the signalling points of the international network, irrespective of the
User Parts connected to each signalling point.

2.2.4 The signalling link selection (SLS) field is used, where

appropriate, 1n perlorming load sharing, see Section 2.3. This field exists in
all types of messages and always in the same position. The only exception to
this rule is some Message Transfer Part-level 3 (e.g. the changeover order),
for which the message routing function in the signalling point of origin of the
message is not dependent on the field: in this particular case the field does
not exist as such, but it is replaced by other information (e.g. in the case of
the changeover order, the identity of the faulty link).

! ) In the case of circuit related messages, the field contains the least
r significant bits of the circuit identification code (or bearer identification
code, in the case of the Data User Part), these are not repeated elsewhere.

| In the case of Message Transfer Part-level 3 messages, the signalling
| link selection field exactly corresponds to the signalling link code (SLC)
which indicates the signalling link between the destination point and
originating point to which the message refers.

(3854)
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2.2.5 From the rule stated in 2.2.4 above it follows that the signalling
link selection of messages generated by any User Parts will be used in the 1nad
sharing mechanism. As a consequence, in the case of User Parts which are nut
specified (e.g. transfer of charging information) but for which there is th.-
requirement to maintain the order of transmission of the messages, the field
should be coded with the same vaiue for all messages belonging to t?e sar:
transactlon sent in a given direction.

$.2.6 The above principles should also apply to modified label structurce
!hat mav be used nationally.

2.3 Message routing function

2.3.1 The message routing function is based on the information contain:d

in the routing label; moreover in some circumstances the service indicator mwav
also need to be used for routing purposes.

Note - A possible case for the use of the service indicator is that
which would arise from the use of messages supporting the signalling route
management function (i.e. transfer-prohibited, transfer-allowed and
signalling-route-set-messages) referring to a destination more restrictive than
a single signalling point (e.g. an individual User Part) (see Section 11°.
Another case may be in relation to signalling-route-test procedures which mayv
be defined for testing and maintenance purposes Csee (4)1.

The number of such cases should be kept to & minimum in order to apply
the same routing criteria to as many User Parts as possible.

Each signalling point will have routing information that allows it to
determine the signalling link over which a message has to be sent on the basis
of the destination point code and signalling link selecticn field and, in sore
cases, of the national indicator (see Section 2.4.3). Typically the destination
point code is associated with more than one signalling link that may be used to
carry the message; the selection of the particular signalling link is made bv
means of the signalling link selection field, thus effecting load sharing.

2.3.2 Two basic cases of load sharing are defined, namely:
a) load sharing between links belonging to the same link set,
b) load sharing between links not belonging to the same link
set .

The capability to operate in load sharing according to both these
cases is mandatory for any signalling point in the international network.

In case a) the traffic flow carried by a link set is shared (on the
basis of the signalling link selection field) between different signalling
Finks belonging to the link set. An exnmple of such a case is given by a link
et directly interconnecting the originating and destination points in the
associated mode of operation, such as represented in Figure 2-3 (Q.704).

a

.
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— S5LS = XX)O

Figure 2-3 ([0.70L]) - Example of load sharin

within a link set .

In case b) traffic relating to a given destination is shared (on the
basis of the signalling link selection field) between different signalling
links not belonging to the same link set, such as represented in Figure 2-4
(Q.704). The load sharing rule used for a particular signalling relation may or
may not apply to all the signalling relations which use one of the eignalling
links involved (in the example, traffic destined to B is shared between
signalling links DE and DF with a given signalling link selection field
assignment, while that destined to C is sent only on link DF, due to the
failure of link EC).

As a result of the message routing function, in normal conditions all
the messages having the same routing label (e.g. call set-up messages related
to a given circuit) are routed via the same signalling links and signalling
transfer points.

Principles relating to the number of load shared links appear in [5].
‘A} o)

awap = traffic destined to B

. = traffic destined <0 C

+- faulty link

It - B

Figure 2-4 (}Q.70L] ) ~ Example of load sharing between
link sets

2.3.3 The routing information mentioned in Section 2.3.1 should be
appropriately updated when some event happens in the signalling network, which
is relevant to the concerned signalling point (e.g. failure of a signalling
link or unavailability of a signalling route). The updating of the routing
information is made according to the particular event (see Section 3) and to
the signalling routing modification rules specified in Section 4.

(3854)
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2.4 Message discrimination and distribution functions

2.4.1 The routing criteria and load sharing method described in the
previous section imply that a signalling point, sending messages pertaining to
a given signalling transaction on a given link, should be able to reeeive and
process messages pertaining to that transaction, e.g. in response tojthe sent
ones, coming from any (but only one) link. ‘

f The destination point code field of the received messages is examined
by the discrimination function in order to deterwine if they are destined to
the receiving signalling point or, in the case of a signalling point having th.
signalling transfer point capahility, they are not; in the latter case they are
directed to the routing function, as described in the previous sections, in
order to be sent on the appropriate outgoing link towards the message
destination point.

When a signalling point detects that a received message cannot be
delivered to its destinatdion point, it sends in response a transfer-prohibited
message as specified in Section 11.2.

2.4.2 1f the destination point code of the message identifies the
receiving signalling point, the service indicator is examined by the messape
distribution function and the message is delivered to the corresponding User
Part (or to the Message Transfer Part-level 3).

2.4.3 In the case of a signalling point handling both international and
national signalling traffic (e.g. an international gateway exchange) the
national indicator is also examined in order to determine the relevant
nunbering scheme (international or national) and possibly the label structure.
Moreover within a national network the national indicator may be examined to
discriminate between different label structures or between different signalling
point numbering if dependent on the network levels, see Section 12.2,

3 Signalling metwork management
3.1 General
3.1.1 The signalling network management functions provide the actions

and procedures required to maintain signalling service and to restore normal
signalling conditions in the event of disruption in the signalling network,
either in signalling links or at signalling points. For example, in the case of
a link failure the traffic conveyed over the faulty link should be diverted to
one or more alternative links. The link failure may also result in unavailable
signalling routes and this, in turn, may cause diversion of traffic at other
signalling points in the signalling network (i.e. signalling points to which no
faulty linke are connected).

(3854)
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3.1.2 The occurrence of or recovery from failures generally results in a
change of the status of the affected signalling link(s) and route(s). A
signalling link may be considered by level 3, either as "available" or
"unavailable" to carry signalling traffic; in particular, an available
signalling link becomes unavailable if it is recognised as "failed"”,
"deactivated” or "blocked" 1) and it becomes once again available if it

is recognized as "restored"”, "activated” or "unblocked” respectively. A
signalling route mway be considered by level 3 as "available" or "unavailable"
too. The detailed criteria for the determination of the changes in the status

LA 70 N

- of signalling links and routes are described in Sections 3.2 and 3.4
respectively.
3.1.3 Whenever a change in the status of a signalling link or route

occurs, the three different signalling network management functions (i.e.
signalling traffic management, link management and route wanagement) are
activated, when appropriate, as follows:

a) the signalling traffic management function is used to divert
signalling traffic from a link or route to one or more different
links or routes, or to temporarily slow down signalling traffic
in the case of congestion at a signalling point; it comprises
the following procedures:

- changeover (see Section 5),

- changeback (see Section 6),

- forced rerouting (see Section 7),

- controlled rerouting (see Section 8),

- signalling traffic flow control (see Section 9).

b) The signalling link management function is used to restore
failed signalling links, to activate idle (not yet aligned)
links and to de-activate aligned signalling links; it comprises

the following procedures (see Section 10):

- signalling link activation, restoration and deactivation,

link set activation,

automatic allocation of signalling terminals and signalling
data links.

¥,

1) The "blocked" condition arises when the unavailability of a
signalling link does not depénd on a failure in the link itself, but
on other causes, such as a "processor outage' condition in a signalling
point.

(3854)
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c) The signalling route management function is used to
distribute information about the signalling network status, in
order to block or unblock signalling routes; it comprises the
following procedures:

- transfer-prohibited procedure (see Section ll.i),

transfer-allowed procedure (see Section 11.3),°

L L RY
1

- signalling-route-set-test procedure (see Section 11.4).

LY

3.1.4 An overview of the use of the procedures relating to the different
management functions on occurrence of the link and route status changes is
given in Section 3.3 and 3.5 respectively.

3.2 Status of signalling links

3.2.1 A signalling link is always considered by level 3 in one of two
possible major states: available and unavailable. Depending on the cause of
unavailability, the unavailable state can be subdivided into three possible
cases as follows Csee also Figure 3-1 (Q.704)1:

- unavailable, failed or inactive,
- unavailable, blocked,
- unavailable, failed or inactive and blocked.

The concerned link can be used to carry signalling traffic only 1f it
is available. Six possible events can change the status of a link: signalling
link failure, restoration, deactivation, activation, blocking and unblocking;
they are described in Sections 3.2.2 to 3.2.7.

3.2.2 Signalling link failure

A signalling link (in service or blocked, see 3.2.6) is recognised by
level 3 as failed when:

a) A link failure indication is obtained from level 2. The
indication may be caused by:

- intolerably high signal unit error rate, see
Recommendation Q.703, Section 9 C6J;

- excessive length of the realignment period, see
Recommendation Q.703, Section 4.1 C7] and 9 C103];

. - excessive delay of acknowledgements, see
‘ Recommendation Q.703, Section 5.3 [C8] and 6.3 C9];
. - failure of signalling terminal equipment;
- two out of three unreasonable backward sequence numbers or

forward indicator bits (see Recommendation Q.703,
Sections 5.3 C8] and 6.3 C91);

(3854)
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- reception of consecutive link status signal
units indicating out of aligmment, out of service,
normal or emergency terminal status (see
Recommendation Q.703, Section 1.7 C103).

The first two conditions are detected by the signal unit error rate

b) A request (automatic or manual) is obtained from a
management or maintenance system.

Moreover a signalling link which is available (not blocked) i=
recognized by level 3 as failed when a changeover order is received.

3.2.3 Signalling link restoration

A signalling link previously failed is restored when both ends of the
signalling link have successfully completed an initial aligmment procedur~
(see C103).

3.2.4 Signalling link deactivation

A signalling link (in service, failed or blocked) is recognized by
level 3 as deactivated (i.e. removed from operation) when:

a) A request is obtained from the signalling link management
function (see Section 10).

b) A request (automatic or manual) is obtained from an externa!l
management or maintenance system.

3.2.5 Signalling link activation

A signalling link previously inactive is recognized by level 3 as
activated when both ends of the signalling link have successfully completed an
initial alignment procedure (see C101).

3.2.6 Signalling link blocking

A signalling link (which is not failed or inactive) is recognized as
blocked when:

a) An indication is obtained from the signalling terminal tha:
a processor outage condition exists at the remote terminal
(i.e. link status signal units with processor outage indication
are received, see Recommendation Q.703, Section 8 LCl113J.

b) A request (automatic or manual) is obtained from a
management system.

Note - A link becomes unavailable when it is failed or deactivate!
and/or blocked, see Figure 3-1 (Q.704).

(3854)
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3.2.7 Signalling link unblocking

A signalling link previously blocked is unblocked when:

a) An indication is obtained from the signalling terminal that

the processor outage condition has ceased at the remote termin:®,

(Applies in the case when the processor outage condition wa-
initiated by the remote terminal.)

b) A request from a management system is obtained. (Applies in
the case when the blocking was initiated by the managemen!
system).

Note - A link becomes available when it is restored or activated
and/or unblocked see Figure 3-1 (Q.704).

3.3 Procedures used in connection with link status changes

In this section the procedures relating to each signalling management
function, which are applied in connection with link status changes are listecd.
LSee also Figures 3-1, 3-2 and 3-3 (Q.704)]. Typical examples of the
application of the procedures to the particular network cases appear in
Recommendation Q.705 C123.

3.3.1 Signalling link failed

al Signalling traff{ic management: the changeover procedure (sec
Section 5) is applied, if required, to divert signalling traffic from the
unavailable link to one or more alternative links with the objective of
avoiding message loss, repetition or mis-sequencing, it includes determination
of the alternative link or links where the affected traffic can be transferred
and procedures to retrieve messages sent over the failed link but not received
by the far end.

b) Signalling link management: the procedures described in
Section 10 are used to restore a signalling link and to make it available for
signalling. Moreover, depending on the link set status the procedures can also
be used to activate another signalling link in the same link set to which the
unavailable link belongs and to make it available for signalling.

c) Signalling route management: in the case when the failurce
of a signalling link causes a signalling route set to become ungvailable
the signalling transfer point which can no longer route the concerned
signalling traffic applies the transfer-prohibited procedures described
in Section 11.

(3854)
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3.3.2 Signalling link restored

a) Signalling traffic management: the changeback procedure {
(see Section 6) is applied, if required, to divert signalling traffic from one ‘
or more links to a link which has become available; it includes determination
of the traffic to be diverted and procedures for maintaining the correct
message sequence.

b) Signalling link management: the signalling link
de-activation procedure (see Section 10) is used if during the signalling link
failure, another signalling link of the same link set was activated, it is used
to assure that the link set status is returned to the same state as before the
failure. This requires that the active link activated during the link failure,
is deactivated and considered no longer available for signalling.

c) Signalling route management: in the case when the
restoration of a signalling link causes a signalling route set to become
available, the signalling transfer point which can once again route the
concerned signalling traffic applies the transfer-allowed procedures described
in Section 11.

3.3.3 Signalling link deactivated

a) Signalling traffic management: as specified in
Section 3.3.1 (a).

Note - The signalling traffic has normally already been removed when
signalling link deactivation is initiated.

b) Signalling link management: if the number of active
signalling links in the link set to which the deactivated signalling link
belongs has become less than the normal number of active signalling links in
that link set, the procedures described in Section 10 may be used to activate
another signalling link in the link set.

c) Signalling route management: as specified in
Section 3.3.1 (c).

3.3.4 Signalling link activated

a) Signalling traffic management: as specified in
Section 3.3.2 (a).

b) Signalling link management: if the number of active
signalling links in the link set to which the activated signalling link belongs ;
has become greater than the normal nunber of active signalling links in that :
link set, the procedures described in Section 10 may be used to deactivate
another signalling link in the link set.

c) Signalling route management: as specified in
Section 3.3.2 (c).

(3854)
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3.3.5 Signalling link blocked

a) Signalling traffic management: will be the same as in
Section 3.3.1 (a).

b) Signalling route management: if the blocking of the link
causes a signalling route set to become unavailable the signalling transfer
point whizh can no longer route the concerned signalling traffic applies the
transfer-prohibited procedures described in Section 11.

Note - In the case when the blocking is initiated by a managemen!
system, an indication should be given to the signalling terminal in order to
stop transmission of Message Signal Units and start contiguous transmission of
link status signal units indicating processor outage (see C83). In the cas~
when the blocking was initiated by the receipt of a changeover order, an 1
indication should be given to the terminal in order to start contiguous
transmission of fill in signal units (see C103}).

3.3.6 Signalling link unblocked X

a) Signalling traffic management: the actions will be the L
same as in Section 3.3.2 (a).

b) Signalling route management: if the link unblocked
causes a signalling route set to become available the signalling transfer
point which can once again route the signalling traffic in that route set
applies the transfer-allowed procedures described in Section 11.

Note - In the case when the blocking and thus the unblocking
was initiated by a management system, an indication should be
given to the signalling terminal in order to stop any
transmission of link status signal units indicating processor
outage.

3.4 Status of signalling routes

A signalling route can be either available or unavailable, for
signalling traffic having the concerned destination Csee also
Figure 3-1 (Q.704)2.

3.4.1 Signalling route unavailability

A signalling route becomes unavailable when a transfer-prohibited
message, indicating that signalling traffic towards a particular destination
cannot be transferred via the signalling transfer point sending the concerned
message, is received, see Section 11.

3.4.2 Signalling route availability

A signalling route becomes available when a transfer-allowed message,
indicating that signalling traffic towards a particular destination can be
transferred via the signalling transfer point sending the concerned message, is
received, see Section 11,

(3854)
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3.5 Procedures used in connection with route status changes

In this section the procedures relating to each signalling management
function which in general are applied in connection with route status changes
are listed. CSee also Figures 3-1 and 3-3 (Q.704).] Typical examples of the
application of the procedures to particular network cases appear in C123.

3.5.1 Signalling route unavailable

a) Signalling traffic management: the forced rerouting
procedure (see Section 7) is applied; it is used to transfer signalling
traffic to the concerned destination from the link set, belonging to the
unavailable route, to an alternative link set which terminates in another
signalling transfer point. It includes actions to determine the alternative
route.

b) Signalling route management: because of the unavailability
of the signalling route the network is reconfigured; in the case that a
signalling transfer point can no longer route the concerned signalling traffic,
it applies the procedures described in Section 11.

3.5.2 Signalling route available

a) Signalling traffic management: the controlled rerouting
procedure (see Section B) is applied; it is used to transfer signalling traffic
to the concerned destination from a signalling link or link set belonging to
an available route, to another link set which terminates in another signalling
transfer point. 1t includes the determinatiun of which traffic should be
diverted and procedures for maintaining the correct message sequence.

b) Signalling route management: because of the restored
availability of the signalling route the network is reconfigured; in the case
that a signalling transfer point can once again route the concerned signalling
traffic, it applies the procedures described in Section 11.

(3854)
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4 Signalling traffic wmanagement
4.1 General
4.1.1 The signalling traffic management function is used, &s indicated

in Section 3, to divert signalling traffic from signalling links or routes, or
to temporarily reduce it in quantity in the case of congestion.

4.1.2 The diversion of traffic in the cases of unavailability or
availability of signalling links and routes is typically made by means of the
following basic procedures, included in the signalling traffic management
function:

- signalling link unavailability (failure, deactivation or
blocking): the changeover procedure (see Section 5) is used tn
divert signalling traffic to one or more alternative links (if
any);

- signalling link availability (restoration, activation or
unblocking): the changeback procedure (see Section 6) is used
to divert signalling traffic to the link made available;

- signalling route unavailability: the forced rerouting !
procedure (see Section 7) is used to divert signalling traffic
to an alternative route (if any);

- signalling route availability: the controlled rerouting
procedure (see Section 8) is used to divert signalling traffic
to the route made available,.

Eachi procedure includes different elements of procedure, the
application of one or more of which depends on the particular circumstances, as
indicated in the relevant Sections. Moreover these procedures include a
modification of the signalling routing, which is made in a systematic wav, as
described in Sections 4.2 to 4.6.

4.1.3 The signalling traffic flow control procedures are used in the

case of signalling traffic congestion in a signalling point, in order to ,
request a temporary interruption of the signalling traffic sent to it by one or ‘
more adjacent signalling points. These procedures are specified in Section Q. J

4.2 Normal routing situation

4.2.1 Signalling traffic to be sent to a particular signalling point in

the network, is normally routed to one or, in the case of load sharing between
link sets, two links sets. Within a link set, a further routing may be
performed in order to load share the traffic over the available signalling
links, see Section 2.

To cater for the situations when signalling links or routes
become unavailable, alternative routing dats is defined.

(3854)




-

=121 -
AP VII-No, 18-E

For each destination which may be reached from a signalling
point, one or more alternative link sets are allocated. The possible link sets
appear in a certain priority order. The link set having the highest priority is
used whenever it is available. It is defined as the normal link set for traffic
to the concerned destination. In case of load sharing between link sets, a
normal link set exists for each portion of the divided signalling traffic.

For each signalling link, the remaining signalling links in
the link set are alternative links. The signalling links of a link set are
arranged in a certain priority order. Under normal conditions the signalling
link (or links) having the highest priority is used to carry the signalling
traffic. These signalling links are defined as normal signalling links, and
each portion of load shared traffic has its own normal signalling link.
Signalling links other than normal may be active stand-by or inactive
signalling links, see Section 10.

4.2.2 Message routing (normal as well as alternative) is in principle
independently defined at each signalling point. Thus, signalling traffic
between two signalling points may be routed over different signalling links or
paths in the two directions.

4.3 Signalling link unavailability

4.3.1 When a signalling link becomes unavailable (see Section 3.2)
signalling traffic carried by the link is transferred to one or more
alternative links by means of a changeover procedure. The alternative link or
links are determined in accordance with the following criteria.

4.3.2 In the case when there is one or more alternative signalling links
available in the link set to which the unavailable link belongs, the signalling
traffic is transferred within the lirk set to:

a) an aligned and unblocked signalling link, currently not
carrying any traffic. If no such signalling link exists, the
signalling traffic is transferred to

b) one or possibly more than one signalling link currently
carrying traffic. In the case of transfer to one signalling link, the
alternative signalling link is that having the highest priority of thr
signalling links in service,.

4.3.3 In the case when there is no alternative signalling link within

the link set to which the unavailable signalling link belongs, the signalling
traffic is transferred to one or more alternative link sets in accordance with
the alternative routing defined for each destination. For a particular
destination, the alternative link set is the link set in service having the
highest priority.

Within a new link set, signalling traffic is distributed over
the signalling links in accordance with the routing currently applicable for
that link set; i.e. the transferred traffic is routed in the same way as the
traffic already using the link set.

(3854)
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4.4 Signalling link availability

4.4.1 When a previously unavailable signalling link becomes available

again (see Section 3.2), signalling traffic may be transferred to the available
signalling link by means of the changeback procedure. The traffic to be
transferred is determined in accordance with the following criteria.

4.4.2 In the case when the link set, to which the available signalling link :
belongs, already carries signalling traftic on other signalling links in the

link set, the traffic to be transferred is the traffic for which the available

signalling link is the normal one.

The traffic is transferred from one or more signalling links,
depending on the criteria applied when the signalling link became unavailable
(see Section 4.3.2).

4.4.3 In the case when the link set, to which the available signalling link
belongs, does not carry any signalling traffic (i.e. a link set has become
available), the traffic to be transferred is the traffic for which the
available link set has higher priority than the link set currently used.
However, in the case of load sharing between link sets, traffic is not
transferred from a normal link set.

The traffic is transferred from one or more link sets and from
one or more signalling links within each link set.

4.5 Signalling route unavailability

When a signalling route becomes unavailable (see Section 3.4)
signalling traffic carried by the unavailable route is transferred to an
alternative route by means of forced rerouting procedure. The alternative route
(i.e. the alternative link set) is determined in accordance with the
alternative roating defined for the concerned destination, see Section 4.3.3.

4.6 Signalling route availability

When a previously unavailable signalling route becomes
available again (see Section 3.4) signalling traffic may be transferred to the
available route by means of a controlled rerouting procedure. This is
applicable in the case when the available route (link set) has higher priority
than the route (link set) currently used for traffic to the concerned
destination (see Section 4.4.3).

The transferred traffic is distributed over the links of the

new link set in accordance with the routing currently applicable for that link
set.

(3854)




- 123 -
AP VII-No. 18-E

5 Changeover
5.1 General
5.1.1 The objective of the changeover procedure is to ensure that

signalling traffic carried by the unavailable signalling link is diverted to
the alternative signalling link(s) as quickly as possible while avoiding
message loss, duplication or mis-sequencing. For this purpose, in the norma!
case the changeover procedure includes buffer up-dating and retrieval, which
are performed before reopening the alternative signalling link(s) to the
diverted traffic. Buffer updating consists of identifying all those messages in
the retransmission buffer of the unavailable signalling link which have not
been received by the far end. This is done by means of a hand-shake procedure,
based on, changeover messages performed between the two ends of the
unavailable signalling link. Retrieval consists of transferring the concerned
messages to the transmission buffer(s) of the alternative link(s).

5.1.2 Changeover includes the procedures to be used in the case of
unavailability (due to failure or blocking) of a signalling link, in order to
divert the traffic pertaining to that signalling link to one or more
alternative signalling links. These signalling links can be carrying their own
signalling traffic and this is not interrupted by the changeover procedure.

The different network configurations to which the changeover
procedure may be applied are described in Section 5.2.

The criteria for initiation of changeover, as well as the
basic actions to be performed, are described in Section 5.3.

Procedures necessary to cater for equipment failure or other
abnormal conditions are also provided.

5.2 Network configurations for changeover

5.2.1 Signalling traffic diverted from an unavailable signalling link is
routed by the concerned signalling point according to the rules specified in
Section 4. In summary, two alternative situations may arise (either for the
whole diverted traffic or for traffic relating to each particular
destination):

i) traffic is diverted to one or more signalling links of the
same link set,

or

i1) traffic is diverted to one or more different link sets,

(3854)
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5.2.2 As a result of these arrangements, and of the message routing
function described in Section 2, three different relationships between the new
signalling link and the unavailable one can be identified, for each

particular traffic flow. These three basic cases may be summarized as follows:

a) the new signalling link is parallel to the unavailable
one Usee Figure 5-1 (Q.704)];

@ ==x L @,

-
CCITY - 38030

Figure 5-1 (IQ.TOhf) - Example of changeover tc
a parallel link

b) the new signalling link belongs to a signalling route
other than that to which the unavailable signalling link belongs,
but this signalling route still passes through the signalling
point at the far end of the unavailable signalling link Csee

Figure 5-2 (Q.704)3;

CCITY - 35840

Figure 5-2 (‘é.iOh ) - Example of changeover to & signalling rout.
passing through the remote signalling point

(3854)
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c) the new signalling link belongs to a signalling route cther
than that to which the unavailable signalling link belongs, and
this signalling route does not pass through the signalling point
acting as signalling transfer point, at the far end of the
unavailable signalling link Csee Figure 5-3 (Q.704)3.

CCITT- 35 0%0

Figure 5-3 ( ) - Example of changeover to a signalling route
not passing through the remote signalling poarnt

Only in the case of (c) does a possibility of message
mis-sequencing exist: therefore its use should take into account the overall
service dependability requirements described in C33.

5.3 Changeover initiation and actions

5.3.1 Changeover is initiated at a signalling point when a signalling
link is recognized as unavailable according to the criteria listed in
Sections 3.2.2 and 3.2.6.

The following actions are then performed:

a) transmission and acceptance of message signal units on the
concerned signalling link is terminated;

b) transmission of link status signal units or fill in signal
units, as described in [83, takes place;

c) the alternative signalling link(s) are determined according
to the rules specified in Section 4;

d) a procedure to update the content of the retransmission
buffer of the unavailable signalling link is performed as
specified in 5.4 below;

e) signalling traffic is diverted to the alternative signalling
link(s) as specified in 5.5 below.

In addition, if traffic toward & given destination is diverted
to an alternative signalling link terminating in a signalling transfer point
not currently used to carry traffic toward that destination, a
transfer-prohibited procedure is performed as specified in Section 11.2.

(3854)
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5.3.2 In the case when there is no traffic to transfer from the
unavailable signalling link action (b) only is required.

5.3.3 1f no alternative signalling link exists for signalling traffic
towards one or more destinations; the concerned destination{s) are decliared
inaccessible and the following actions apply:

i) the routing of the concerned signalling traffic is blocked
and the concerned messages already stored in the transmission
and retransmission buffers of the unavailable signalling link,
as well as those received subsequently, are discarded; 1)

ii) a command is sent to the User Part(s) (if any) in order
to stop generating the concerned signalling traffic;

iii) the transfer-prohibited procedure is performed, as
specified in Section 11.2;

iv) the appropriate signalling link management procedures
are performed, as specified in Section 10.

5.3.4 In some cases of failures or in some network configurations, the
normal buffer updating and retrieval procedures described in 5.4 and 5.5 cannot
be accomplished. In such cases, the emergency changeover procedures described
in Section 5.6 apply.

Other procedures to cover possible abnormal cases appear in
Section 5.7.

5.4 Buffer updating procedure

5.4.1 When a decision to changeover is made a changeover order is sent

to the remote signalling point. In the case that the changeover was initiated
by the reception of a changeover order (see 5.2) a changeover acknowledgement
is sent instead.

A changeove: ler is always acknowledged by a changeover
acknowledgement, even when changeover has already been initiated in accordance
with another criterion.

No priority is given to the changeover order or changeover
acknowledgement in relation to the normal traffic of the signalling link on
which the wmessage is sent.

1)} The adequacy of this procedure to meet the acceptable
dependability objective in terms of loss of messages requires further
study.

(3854)
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5.4.2 The changeover order and changeover acknowledgement are signalling
network management wmessages and contain the following information:

- the label, indicating the destination and originating
signalling points and the identity of the unavailable signalling

link,

- the changeover-order (or changeover-acknowledgement) signal,
and

- the forward sequence number of the last message signal unit

accepted from the unavailable signalling link.

Formats and codes of the changeover order and the changeover
acknowledgement appear in Section 13,

5.4.3 Upon reception of a changeover order or changeover acknowledgement,
the retransmission buffer of the unavailable signalling link is updated
(except as noted in Section 5.6), according to the information contained in
the message. The message signal units successive to that indicated by the
message are those which have to be retransmitted on the alternative signalling
link(s), according to the retrieval and diversion procedure.

5.5 Retrieval and diversion of traffic

When the procedure to update the retransmission buffer content is
completed the following actions are performed:

- the routing of the signal traffic to be diverted is
changed;

- the signal traffic already stored in the transmission buffers
and retransmission buffer of the unavailable signalling link is
sent directly towards the new signalling link(s), according to
the modified routing.

The diverted signalling traffic will be sent towards the new
signalling link(s) in such a way that the correct message sequence is
maintained. The diverted traffic has no priority in relation to normal traffic
already conveyed on the signalling link(s).

5.6 Emergency changeover procedures

5.6.1 Due to the failure in a signalling terminal it may be impossible for
the corresponding end of the faulty signalling link to determine the i}
forward sequence number of the last message signal unit accepted over the
unavailable link. In this case, the concerned end sccomplishes, if possible,
the buffer updating procedure described in Section 5.4 but it makes use of an
emergency changeover order or an emergency changeover acknowledgement instead
of the corresponding normal message; these emergency messages, the format of
which appears in Section 13, do not contain the forward sequence number of the
last accepted message signal unit. Furthermore the signalling link is taken out
of service, i.e. the concerned end initiates, if possible, the sending of
out-of-service link status signal units on the unavailable link (see CBJ).
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When the other end of the unavailable signalling link receives the
emergency changeover order or acknowledgement, it accomplishes the changeover
procedures described in Sections 5.4 and 5.5, the only difference being that it
does not perform either buffer updating or retrieval. Instead it directly
starts sending the signalling traffic not yet transmitted on the unavailable
link on the alternative signalling link(s).

The use of normal or emergency changeover messages depends on
the local conditions of the sending signalling point only, in particular:

- an emergency changeover order is acknowledged by a changeover
acknowledgement if the local conditions are normal, and

- a changeover order is acknowledged by an emergency changeover
acknowledgement if there are local fault conditions.

5.6.2 It may happen that no signalling path exists between the two ends of
the unavailable link, so that the exchange of changeover messages is
impossible.

When the concerned signalling point decides to initiate changeover in
such circumstances, after the expiry of a time Tl = 1ls (provisional value) it
starts signalling traffic not yet transmitted on the unavailable signalling
link on the alternative link(s); the purpose of withholding traffic for
the time T] is to reduce the probability of message mis-sequencing.

An example of such a case appears in Recommendation Q.705,
Annex A C131.

In the abnormal case when the concerned signalling point is not
aware of the situation, it will start the normal changeover procedure and send
a changeover order; in this case it will receive no changeover message in
response and the procedure will be completed as indicated in Section 5.7.2.
Possible reception of a transfer-prohibited message (sent by an involved
signalling transfer point on reception of the changeover order, see
Section 11.2) will not affect changeover procedures.

5.6.3 Due to failures, it may be impossible for an signalling point to
perform retrieval even if it has received the retrieval information from the
far end of the unavailable signalling link. In this case, it starts sending new
traffic on reception of the changeover message (or on time-out expiry, see
Sections 5.6.2 and 5.7.2); no further actions in addition to the other normal
changeover procedures are performed.

5.7 Procedures in abnormal conditions

5.7.1 The procedures described in this section allow the completion of the
changeover procedures in abnormal cases other than those described in
Section 5.6.

5.7.2 If no changeover message in response to a changeover order is

received within & time-out T2 = 1 s (provisional value), new traffic is started
on the alternative signalling link(s).

(3854)
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5.7.3 If a changeover order or acknowledgement containing an unreasonable
value of the forward sequence number is received, no buffer updating or
retrieval is performed, and new traffic is started on the alternative
signalling link(s).

5.7.4 I1f a changeover acknowledgement is received without having previously
sent a changeover order, no action is taken.

5.7.5 If a changeover order is received relating to a particular signalling
link after the completion of changeover from that signalling link, an emergency
changeover acknowledgement is sent in response, without any further action.

6 Changeback
6.1 General
6.1.1 The objective of the changeback procedure is to ensure that signalling

is diverted from the alternative signalling link(s) to the signalling link made
available as quickly as possible, while avoiding message loss, duplication or
mis-sequencing. For this purpose, (in the normal case) changeback includes a
procedure to control the message sequence.

6.1.2 Changeback includes the basic procedures to be used to perform the
opposite action to changeover, i.e. tc divert traffic from the alternative
signalling link(s) to a signalling link which has become available (i.e., it was
restored or unblocked). The characteristics of the alternative signalling
link(s) from which changeback can be made are described in Section 5.2. 1In all
the cases mentioned in Section 5.2 the alternative signalling links can be
carrying their own signalling traffic and this is not interrupted by the
changeback procedures.

Procedures necessary to cater for particular network
configuration or other abnormal conditions are also provided.

6.2 Chaqgfback initiation and actions

6.2.1 Changeback is initiated at a signalling point when a signalling
link is restored or unblocked and therefore it becomes once again available,
according to the criteria listed in Sections 3.2.3 and 3.2.7. The following
actions are then performed:

a) the alternative signalling link(s) are determined, to which
traffic normally carried by the signalling link made available
was previously diverted (e.g. on occurrence of a changeover);

b) signalling traffic is diverted (if appropriate, according to
the criteria specified in Section 4) to the concerned signalling
link by means of the sequence control procedure specified in
Section 6.3; traffic diversion can be performed at the
discretion of the signalling point initiating changeback, ar
follows:

i) individually for each traffic flow (i.e. cn
destination basis);

ii) individually for each alternative signalling link (i1.¢.
for all the destinations previously diverted on that

alternative gignalling link);
(3854) gnatling
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i11) at the same time for a number of or for all the
alternative signalling links.

On occurrence of changeback, it may happen that traffic towards
a given destination is no longer routed via a given adjacent signalling
transfer point, towards which a transfer-prohibited procedure was previously
performed on occurrence of changeover (see Section 5.3.1); in this case a
transfer-allowed procedure is performed, as specified in Section 11.3,

In addition, if traffic towards a given destination is diverted
to an alternative signalling link terminating in a signalling transfer point
not currently used to carry traffic toward that destination, a
transfer-prohibited procedure is performed as specified in Section 11].2.

6.2.2 In the case when there is no traffic to transfer to the signalling
link made available none of the previous actions are performed.

6.2.3 In the case that the signalling link made available can be used to
carry signalling traffic toward a destination which was previously declared
inaccessible, the following actions apply:

i) the routing of the concerned signalling traffic is unblocked
and transmission of the concerned messages (if any) is
immediately started on the link made available;

i1) a command is sent to the User Part(s) (if any) in order to
restart generating the concerned signalling traffic;

iii) the transfer-allowed procedure is performed, as specified in
Section 11.3.

6.2.4 If the signalling point at the far end of the lin' made available
currently results inaccessible at the signalling point initiating changeback,
the sequence control procedure specified in Section 6.3 (which requires
communication between the two concerned signalling points) does not apply;
instead, the time-controlled diversion specified in Section 6.4 is performed
This is made also when the concerned signalling points is accessible, but there
is no signalling route to it us.ing the same outgoing signalling link(s) (or on~
of the same signalling links) from which traffic will be diverted,

6.3 Sequence control procedure

6.3.1 When a decision is made at a given signalling point to divert a given

traffic flow (towards one or more destinations) from an alternative signalling

link to the signalling link made available, the following actions are performed
if possible (see Section 6.4):

i) transmission of the concerned traffic on the alternative
signalling link is stopped; such traffic is stored in a
changeback buffer;

ii) a changeback declaration is sent to the remote signalling
point of the signalling link made available via the concerned
alternative signalling link; this message indicates that no wmore
message signal units relating to the traffic being diverted to
the link made available will be sent on the alternative
signalling link.

(3854)
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6.3.2 The concerned signalling point will restart diverted traffic over the

signalling link made available when it receives a changeback acknowledgement

from the far signalling point of the link made available; this message

indicates that all signal messages relating to the concerned traffic flow and i
routed to the remote signalling point via the alternative signalling link have

been received. The remote signalling point will send the changeback

acknowledgement to the signalling point initiating changeback in response to

the changeback declaration; any available signalling route between the two

signalling points can be used to carry the changeback acknowledgement.

6.3.3 The changeback declaration and changeback acknowledgement are
signalling network management messages and contain:

- the label, indicating the destination and originating
signalling points, and the identity of the signalling link to
which traffic will be diverted;

- the changeback-declaration (or changeback-acknowledgement)
signal, and

- the changeback code.

Formats and codes of the changeback declaration and changeback
acknowledgement appear in Section 13.

6.3.4 A particular configuration of the changeback code is autonomously
assigned to the changeback declaration by the signalling point initiating
changeback; the same configuration is included in the changeback
acknowledgement by the acknowledging signalling point. This allows
discrimination between different changeback declarations and acknowledgements
when more than one sequence control procedures are initiated in parallel, as
follows.

6.3.5 In the case that a signalling point intends to initiate changeback

in parallel from more than one alternative signalling links, a sequence control
procedure is accomplished for each involved signalling link, and a changeback
declaration is sent on each of them; each changeback declaration is assigned a
different configuration of the changeback code. Stopped traffic is stored irn
one or more changeback buffers (in the latter case, a changeback buffer i«
provided for each alternative signalling link). When the changeback
acknowledgement relating to that alternative signalling link is received,
traffic being diverted from a given alternative signalling link can be
testarted on the signalling link made available, starting with the content of
the changeback buffer; discrimination between the different changeback
acknowledgement is made by the changeback code configuration, which is the samc
as that sent in the changeback declaration,

This procedure allows either reopening the recovered signalling link
to traffic in a selective manner (provided that different changeback buffers
are used) as soon as each changeback acknowledgement is received, or only when
all the changeback acknowledgements have been received,

(3854)
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6.4 Time-controlled diversion pr.cedure

6.4.1 The time-controlled diversion procedure is used in the case when

the remote signalling point is inaccessible at the signalling point initiating
changeback, 1.e. communication between the two ends of the signalling link made
available is not possible via a signalling route other than that signalling
link; the sending of changeback declaration is therefore impossible. An
example of such a case appears in Figure 6-1 (Q.704).

)

CCITT - 73060

Figure 6-1 (IQ.?OL ) - Example of time-contrclled
diversion procedure

In this example, on failure of signalling link AB, traffic towards the
destination was diverted to signalling link AC. When signalling link AB is made«
available, sending of changeback declaration from A to B is impossible, since
no signalling link exists between C and B.

6.4.2 When changeback is initiated, a8 signalling point unable to send a
changeback declaration stops traffic to be diverted from the alternative
signalling link for a time T3 = 1 s (provisional value) after which it reopens
traffic on the signalling link made available. The time delay minimizes the
probability of out of sequence delivery to the destination point(s).

6.4.3 In the abnormal case when the concerned signalling point is not aware
of the situation it will start a normal changeback procedure and send a
changeback declaration; in this case it will receive no changeback
acknowledgement in response and the procedure will be completed as indicated in
Section 6.5.3. Reception of a transfer prohibited message (sent by C, in the
figure, on reception of the changeback declaration from A, see Section 11.0°
will not affect the above procedures.

6.5 Procedures in abnormal conditions

6.5.1 I1f a changeback acknowledgement is received by a signalling point
which has not previously sent a changeback declaration, no action is taken.

6.5.2 1f a changeback declaration is received after the completion of

the changeback procedure, a changeback acknowledgement i sent in response,
without taking any further action. This corresponds to the normal action
described in 6.3.2 above.

(3854)
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| 6.5.3 If no changeback acknowledgement is received in response to a

[ changeback declaration within a time T4 = 1 s (provisional value), the

changeback declaration is repeated and a new time-out T5 = 1 s (provisional

value) is started. If no changeback acknowledgement is received before the

expiry of T5, the maintenance functions are alerted and traffic on the link

made available is started. The changeback code contained in the changebacV :
acknowledgement message makes it possible to determine in the case of parallel '
changebacks from more than one reserve paths, which changeback declaration is

unacknowledged and has therefore to be repeated.

7 Forced rerouting
7.1 General

7.1.1 The objective of the forced rerouting procedure is to restore, as
quickly as possible, the signalling capability between two signalling points
towards a particular destination, in such & way as minimize the consequences of
a failure. However, since the unavailability of a signalling route is in 1
general caused by the fact that the concerned destination has become g
inaccessible to a signalling transfer point a probability of message loss '
exists (see Section 5.3.3). Therefore the structure of the signalling network q
should be such as to reduce the probability of signalling route unavailability

to limits compatible with the overall dependability requirements (see [33). j

Py

7.1.2 Forced rerouting is the basic procedure to be used in case that a T
signalling route towards a given destination becomes unavailable (due to for
example remote failures in the signalling network) to divert signalling traffic
towards that destination to an alternative signalling route outgoing from the
concerned signalling poir.. Signalling links pertaining to the alternative
signalling route can be carrying their own signalling traffic (relating to
different signalling routes) and this is not interrupted by the forced
rerouting procedure.

7.2 Forced rerouting initiation and actions

7.2.1 Forced rerouting is initiated at a signalling point when a
transfer-prohibited message, indicating a signalling route unavailabilitv, is
received.

The following actions are then performed:

a) transmission of signalling traffic towards the concerned
destination on the link set(s) pertaining to the unavailable
route is immediately stopped; such traffic is stored in a
forced rerouting buffer;

b) the alternative route is determined according to the rules
specified in Section 4;

c) as soon as action b) is completed, the concerned signalling
traffic is restarted on a link set pertaining to the alternative

route, starting with the content of the forced rerouting buffer;

d) if appropriate, a transfer-prohibited procedure is performed
(see Section 11.2.2).

(3854)
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7.2.2 In the case when there is no signalling traffic to be diverted fr
the unavailable reute, action b) and d) only apply.

7.2.3 If no alternative toute exists for signalling traffic towards the
concerned destination, that destination is declared inaccessible and the
actions specified in Section 5.3.3 apply.

8 Controlled rerouting

8.1 General

8.1.1 The objective of the controlled rerouting procedure is to restore th

optimal signalling routing and to minimize mis-sequencing of messages.

Therefore controlled re-routing includes a time-controlled traffic diversion ‘
procedure, which is the same as that used in tome cases of changeback (sec '
Section 6.4).

8.1.2 Controlled rerouting is the basic procedure to be used in the case

that a signalling route towards a given destination becomes available (due to i
for example recovery of previous remote failures in the signalling network), t-

divert back signalling traffic towards that destinaticn from the alternative to

the normal signalling route outgoing from the concerned signalling pcint.

Signalling links pertaining to the alternative signalling route can be carrviny

their own signalling traffic (relating to different signalling routes} and

this is not interrupted by the normal rerouting procedure.

8.2 Controlled rerouting initiation and actions

8.2.1 Controlled rerouting is initiated at a signalling point when a
transfer-allowed message, indicating that the signalling route has
become available, is received. The following actions are then performed:

a) transmission of signalling traffic towards the concerned
destination on the link set pertaining to the alternative rout.
is stopped; such traffic is stored in a controlled rerouting
buffer; a time out T6 = 1 s {provisional value) 1s started,

b) a transfer-prohibited message is sent on the route made
available and a transfer-allowed message on the alternative one
(see Sections 11.2.2 and 11.3.2 respectively);

c) at the expiry of T6, the concerned signalling traffic is
restarted on an outgoing link set pertaining to the signalline
route made available, starting with the content of the
controlled rerouting buffer; the aim of the time delay is to
minimize the probability of out of sequence delivery to the
destination point(s).

8.2.2 When there is no signalling traffic to be diverted back to the

route made available, the sbove actions are not performed and the signalling
point notes the availability of the route, which therefore may be used if
necessary.

8.2.3 1f, the destination was inaccessible, when the route is made
available, then the destination is declared accessible and the actions
specified in Section 6.2.3 apply.

(3854)
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9 Signalling traffic flow control
9.1 General

The purpose of the signalling traffic flow control functions is to
limit signalling traffic at its source in the case when the signalling
network is not capable of transferring all signalling traffic offered by the

J User Parts because of network failures or overload situations.

Flow control actions may be taken as a consequence of a number
of events; the following cases have been identified:

- Failures in the signalling network (signalling links or
signalling points) have resulted in route set unavailability.

- Overload of a signalling link or signalling point has resulted
in a situation wheh reconfiguration of traffic is not possible
or appropriate.

- Failure or overload of a User Part has made it impossible for
the User Part to handle all messages delivered by the Message
Transfer Part.

When the normal transfer capability is restored, the flow control
functions initiate resumption of the normal traffic flow.

9.2 Flow control indications

The need for the following indications has been identified, however
other indications are likely to be required (e.g. for User Part overload or
User Part failure).

9.2.1 Signalling route set unavailability

In the case when no signalling route is available for traffic towards
a particular destination (see Sections 5.3.3 and 7.2.3), an indication is
given from the Message Transfer Part to all Viser Parts, informing them that
signalling messages destined to the particular signalling point cannot be
transferred via the signalling network. Each User Part then takes appropriate
actions in order to stop generation of signalling information destined for the
inaccessible signalling point.

9.2.2 Signalling route set availability

In the case when a signalling route becomes available for traffic to a
previously blocked destination (see Sections 6.2.3 and 8.2.3), an indication is
given from the Message Transfer Part to the User Parts, informing them that
signalling messages destined to the particular Signalling Points can be
transferred via the signalling network. Each User Part then takes appropriate
actions in order to start generation of signalling information destined for the
now accessible signalling point.
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10 Signalling link management
10.1 Generai

10.1.1 The signalling link management function is used to control the locally
connected signalling links. The function provides means for establishing and
maintaining a certain predetermined capability of a link set. Thus, in the
event of signalling link failures the signalling link management function
controls actions aimed at restoring the capability of the link set.

Three sets of signalling link management procedures are specified in
the following sections. Each set corresponds to a certain level of sutomation
as regards allocation and reconfiguration of signalling equipment. The bacic
set of signalling link management procedures (see Section 10.2) provides n:
automatic means for allocation and reconfiguration of signalling equipment. Trv
basic set includes the minimum number of functions which must be provided far
international application of the signalling system.

The two alternative sets of signalling link management procedures are
provided as options and include functions allowing for a more efficient use of
signalling equipment in the case when signalling terminal devices have switched
access to signalling data links.

Note - In Annex A to Recommendation Q.704, a modified set of
signalling link management functions are defined, being an alternative for
national applications to those functions specified in Section 10.4.

10.1.2 A signalling link set consists of one or more signalling links having
a certain order of priority as regards the signalling traffic conveyed by the
link set (see Section 4). Each signalling link in operation is assigned a
signalling data link and a signalling terminal at each end of the signalling
data link.

The signalling link identity is independent on the identities of the
signalling data link and signalling terminals which it comprises. Thus, the
identity referred to by the Signalling Link Code (SLC) included in the label of
wmessages originated at Message Transfer Part level 3 is the signalling link
identity and not the signalling data link identity or the signalling terminal
identity.

Depending on the level of automation in an application of the
signalling system, allocation of signalling data link and signalling terminals
to & signalling link may be made manually or automatically.

In the first case, applicable for the basic signalling link management
procedures, a signalling link includes predetermined signalling terminals and a
predetermined signalling data link. To replace a signalling terminal or
signalling data link, a manual intervention is required. The signalling data
link to be included in a particular signalling link is determined by bilateral
agreement (see also C11]).

In the second case for a given signalling point, a signalling link
includes any of the signalling terminals and any of the signalling data links
applicable to a link group. As a result of, for example, signalling link
failure, the signalling terminal and signalling data link included in &
signalling link, may be replaced automatically. The criteria and procedures for
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automatic allocation of signalling terminals and signalling data links are
specified in Sections 10.5 and 10.6 respectively. The implementation of these
functions requires that for a given link group any signalling terminal! can be
connected to any signalling data link.

Note - A link group is a group of identical signalling links
directly connecting two signalling points. A link set may include one
or more link groups. |

10.1.3 When a link set is to be brought into service, actions are taken to
establish a predetermined number of signalling links. This is made by
connecting signalling terminals to signalling data links and for each
signalling link performing an initial alignment procedure (see C8]). The
process of making a signalling link ready to carry signalling traffic is
defined as signalling link activation.

Activation of a signalling link may also be applicable for example
when a link set is to be extended or when a persisting failure makes another
signalling link in the link set unavailable for signalling traffic.

In the case of signalling link failure, actions should be taken to
restore the faulty signalling link, i.e. to make it available for signalling
again. The restoration process may include replacement of a faulty signalling
data link or signalling terminal.

A link set or a single signalling link is taken out of service by
weans of a procedure defined as signalling link deactivation.

The procedures for activation, restoration and deactivation are
initiated and performed in different ways depending on the level of automation
applicable for a particular implementation of the signalling system. In the
following, procedures are specified for the cases when:

a) no automatic functions are provided for allocation of
signalling terminals and signalling data links (see
Section 10.2);

b) an automatic function is provided for allocation of signalling
terminals (see Section 10.3);

c) automatic functions are provided for allocation of signalling
terminals and signalling data links (see Section 10.4).

10.2 Basic signalling link management procedures

10.2.1 Signalling link activation

a) In the absence of failures, a link set contains a certain
predetermined number of active (i.e. aligned) signalling links. In addition,
the link set may contain a number of inactive signalling links, that is
signalling links which have not been put into operation. Predetermined
signalling terminals and a signalling data link are associated with each
inactive signalling link.

The number of active and inactive signalling links in the
absence of failures and the priority order for the signalling links in a link
set, should be identical at both ends of the link set.
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Note - In the typical case, all signalling links in a link st
are active in the absence of failures.

b) When a decision is t %en to activate an inactive signalling link,
initial alignment starts. If the initial alignment procedure is successful  the
signalling link is active and ready to convey signaliing traffic. In the ca«n
when initial alignment is not possible, as determined at Message Transfer Part
level 2 (see C10)), new initia) aligmnment procedures are started on the samc
signalling link until the signalling link is activated or a manual intervention
is made.

10.2.2 Signalling link restoration

After a signalling link failure is detected, signalling link
initial alignment wil) take place. In the case when the initial alignment
procedure is successful, the signalling link is regarded as restored and thus
available for signalling.

If initial alignment is not possible, as determined at Message
Transfer Part level 2 (see C103), new initial alignment procedures may be
started on the same signalling link until the signalling link is restored or a
manual intervention is made, for example to replace the signalling data link or
the signalling terminal.

10.2.3 Signalling link deactivation

An active signalling link may be made inactive by means of a
deactivation procedure, provided that no signalling traffic is carried on that
signalling link. When a decision has been taken to deactivate a signalling link
the signalling terminal of the signalling link is taken out of service.

10.2.4 Link set activation

A signalling link set not having any signalling links in service
is started by means of a link set activation procedure,

Two alternative link set activation procedures are defined:
- link set normal activation,
- link set emergency restart.

a) Link set normal activation

Link set normal activation is applicable when a link set is to
be put into service for the first time (link set initial activation) or when a
link set is to be restarted (link set normal restart); the latter is applicable
for example in the case when:

- all signalling links in a link set are faulty,

- 8 processor restart in a signalling point makes it necessary to
re-establish a link set,

- a signalling point recognizes other irregularities concerning
the interworking between the two signalling points,

provided that none of the above events create an emergency situation.
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When link set normal activation is initiated, signalling link
activation starts on as many signalling links as possible. (All signalling
links in the link set are regarded as being inactive at the start of the
procedure.) :

The signalling link activation procedures are performed on each
signalling link in parallel as specified in Section 10.2.1 until the signalling
links are made active.

Signalling traffic may however commance when one signalling link
is successfully activated.

b) Link set emergency restart

Link set emergency restart is applicable when an immediate
re-establishment of the signalling capability of a link set is required, {(i.e.,
in a situation when the link set normal restart procedure is not fast enough).
The precise criteria for initiating link set emergency restart instead of
normal restart, may vary between different applications of the signalling
system. Possible situations for emergency restart are for example:

- when signalling traffic that may be conveyed over the link set
to be restarted is blocked,

- when it is not possible to communicate with the signalling
point at the remote end of the link set.

When link set emergency restart is initiated, signalling link
activation starts on as many signalling links as possible, in accordance with
the principles specified for normal 'ink set activation. In this case, the
signalling terminals will have emergen y status (see C10J) resulting in the
sending of status indications of type "E" when applicable. Furthermore the
signalling terminals employ the emergency proving procedure and short time-outs
values in order to accelerate the procedure.

When the emergency situation ceases, a transition from emergency
to normal signalling terminal status takes place resulting in tic employment of

normal proving procedure and normal time-out values,

c) Time-out values

The initial alignment procedure (specified in C14]) iacludes
time-outs the expiry of which indicates the failure of an activation or
restoration attempt. The values of the time-outs are for further study.

10.3 Signalling link management procedurcs based on automatic
allocation ot signalling terminals

10.3.1 Signalling link activation

a) In the absence of failures a link set contains a certain
predetermined number of active (i.e. aligned) signalling links. The link so°
may also contains a number of inactive signalling links.

An inactive signalling link is a signalling link not 1n
operation. A predetermined signalling data link is associated with each
inactive sign 1ling 'ink, however, signalling terminals mav not yet be
allocated.
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The number of active and inactive signalling links in the
absence of failures and the priority order for the signalling links in a lin¥
set, should be identical at both ends of the link set.

b) Whenever the number of active signalling links is below the
value specified for the link set, actions to activate new inactive signalliny
links should be taken automatically. This is applicable, for example, wnen a
link set is to be brought into service for the first time (see Section 10.3.4)
or when a lirk failure occurs. In the latter case, activation starts when th
restoration attempts on the faulty link are considered unsuccessful (see
Section 10.3.2).

The signalling link(s) to activate is the inactive link(s)
having the highest priority in the link set.

Generally, if it is not possible to activate a signalling link,
an attempt to activate the next inactive signalling link (in priority order) is
made. In the case when an activation attempt performed on the last signalling
link in the link set is unsuccessful, the "next' signalling link is the first
inactive signalling link in the link set (i.e. there is a cyclic assignment).

Activation of a signalling link may also be initiated manually.

Activation shall not be initiated automatically for a signalling
link previously deactivated by means of a manual interventicn.

c) When a decision is taken to activate a signalling link, the
signalling terminal to be employed has to be allocated at each end.

The signalling terminal is allocated automatically by means of
the function defined in Section 10.5.

In the case when the automatic allocation function cannot
provide a signalling terminal the activation attempt 1is aborted.

The predetermined signalling data link which may be utilized for
other purposes when not co-nected to a signalling te al must be removed from
its alteraative use (e.g. as a speech circuit) before signalling link
activation can start.

d) The chosen signalling terminal is then connected to the
signalling data link and initial alignment starts {(see C10]).

If the initial alignment procedure is successful, the signalling
link is active and ready to convey signalling traffic.

If initial alignment is mot possible, as deterwmined at Message
Transfer Part level 2 (see C101), the activation is unsuccessful and activation
of the next inactive signalling link (if any) is initiated. Successive initial
alignment attempts may however continue on the previous signalling link until
it is activated or its signalling terminal is disconnected (see Section 10.5).

(3854)
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In the case when activation attempts take place at both ends of
a link set, it may be that the two ends attempt to activate different
signalling links, thus making initial alignment impossible. By initiating
activation of the next signalling link when an activation attempt fails, and by
having different lengths of the initial alignment time-outs at the two ends of
the link set (see Section 10.3.4, point Ccl) it is ensured that eventually a
signalling data link will be provided with signalling terminals at both ends at
the same time.

10.3.2 Signalling link restoration

a) After a signalling link failure is recognized, signalling link
initial alignment will take place (see C10J). In the case when the initial
alignment is successful, the signalling link is regarded as restored and thus
available for signalling. If the initial alignment is unsuccessful, the
signalling terminals and signalling link may be faulty and require
replacement.

b) The signalling terminal may be automatically replaced in
accordance with the principles defined for automatic allocation of signalling
terminals (see Section 10.5). After the new signalling terminal has been
connected to the signalling data link, signalling link initial alignment
starts. If successful, the signalling link is restored.

If initial alignment is not possible or if no alternative
signalling terminal is available for the faulty signalling link, activation of
the next signalling link in the link set (if any) starts., In the case when it
is not appropriate to replace the signalling terminal of the faulty signalling
link (e.g. because it is assumed that the signalling data link is faulty)
activation of the next inactive signalling link (if any) is also initiated. In
both cases successive initial alignment attempts may continue on the faulty
signalling link until a manual intervention is made or the signalling terminal
is disconnected (see Section 10.5).

Note -~ In the case when a signalling terminal cannot be
replaced, activation of the next signalling link is only initiated if the link
set includes an alternative link group having access to other signalling
terminals than the signalling link for which restoration is not possible.

10.3.3 Signalling link deactivation

In the absence of failures a link set contains a specified
number of active (i.e. aligned) signalling links. Whenever that number i<
exceeded (e.g. as a result of signalling link restoration) the active
signalling link having the lowest priority in the link set is to be made
inactive automatically provided that no signalling traffic is carried on tha:
signalling link.

Deactivation of a particular signalling link may also be initiated
manually, for example in conjunction with manual maintenance activities.

When a decision has been taken to deactivate a signalling link,
the signalling terminal and signalling data link may be disconnected.

After deactivation, the idle signalling terminal mav become part
of other signalling links (see Section 10.9).
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10.3.4 Link set activation

A signalling link set not having any signalling links in service
is started by means of a link set activation procedure. The objective of the
procedure is to activate a specified number of signalling links for the lind i
set. The activated signalling links should, if possible, be the signalliny i
links having the highest priority in the link set.

Two alternative link set activation procedures are defined:

- link set normal activation,

- link set emergency restart.

a) Link set normal activation

Link set mormal activation is applicable when a link set is to
be put into service for the first time (link set initial activation) or when a
link set is to be restarted (link set normal restart); the latter is applicable
for example in the case when: 4

- all signalling links in a link set are faulty,

- a processor restart in a signalling point makes it necessary tuo
re-establish a link set,

| - a signalling point recognizes other irregularities concerning
the interworking between the two signalling points, for example
that a certain signalling data link is associated with different
signalling links at the two ends of the link set,

provided that none of the above events create an emergency situation.

When link set normal activation is initiated, signalling link
activation starts on as many signalling links as possible. (All signalling
links in the link set are regarded as being inactive at the start of the
procedure.) 1f activation cannot take place on all signalling links in the link
set (for example, because a sufficient number of signalling terminals is not

| available), then the signalling links to activate are determined in accordanc:
{ with the link priority order.

Note -~ All idle signalling terminals may not necessarily be
made available for link set activation. Thus making possible, for example,
restoration of faulty signalling links in other link sets at the same time.

The signalling link activation procedures are performed as
specified in Section 10.3.1.
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If the activation attempt for a signalling link is unsuccessful,
(i.e. initial alignment is not possible) activation of the next inactive
signalling link, if any, in the priority order is initiated 1). According
to the principles for automatic allocation of signalling terminals defined in
Section 10.5 the signalling terminal connected to the unsuccessfully activated
signalling link, will typically be connected to the signalling data link of
that signalling link for which the new activation attempt is to be made.

When a signalling link is successfully activated, signalling
traffic may commence.

After the successful activation of one signalling link, the :
activation attempts on the remaining signalling links continue in asccordance
with the principles defined in Section 10.3.1, in such a way that the
signalling links having the highest priorities are made active. This is done in
order to obtain, if possible, the normal configuration within the link set. 1
Signalling link activation continues until the predetermined number of active
signalling links is obtained.

b) Link set emergency restart

Link set emergency restart is applicable in the case when the
link set normal restart procedure is not fast enough. Emergency restart is
performed in the same way as link set normal activation except that in the case
of emergency restart, the emergency proving procedure and the short emergency
time-out values (cf C103) are employed in order to accelerate the procedure,
see further Section 10.2.4, point b.

c) Time-out values

The values of the time-~outs included in the initisl alignment
procedure (see C153) should be different at the two ends of the link set. These
values are for further study,

10.4 Signalling link management procedures based on automatic
allocation ol signalling data links and signalling terminals

10.4.1 Signalling link activation

a) In the absence of failures a link set contains a certain
predetermined number of active (i.e. aligned) signalling links. The link se!
may also contain a number of inactive signalling links.

An inactive signalling link is a signalling link currently not
in operation. It is not associated with any signalling terminal or signalling
data link, (i.e. the signalling link is only identified by its position in the
link set).

The number of active and inactive signalling links (in the
absence of failures) and the priority order for the signalling links in a link
set, should be identical at both ends of the link set.

-——— -

1) Inactive links exist in the case when the number of signalling
terminals available is less than the number of signalling links defined
for the link set.
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b) Whenever the number of active signalling links is below th
value specified for the link set, actions to activate new inactive signalling
links should be taken automatically. This is for example applicable when a
link set is to be brought into service for the first time (see Section 10.4.4)
or when a link failure occurs. In the latter case, activation starts when the
the restoration attempts on the faulty link are considered unsuccessful
(see Section 10.4.2).

The signalling link(s) to activate is the inactive link(s)
having the highest priority in the link set.

If it is not possible to activate a signalling link an attempt
to activate the next inactive signalling link (in priority order) is made. In
the case when an activation attempt performed on the last signalling link in
the link set is unsuccessful, the "next" signalling link is the first inactive
link in the link set (i.e. a cyclic assignment).

Note - Activation of the next signalling link is only
initiated 11 the link set includes an alternative link group, having access to
other signalling terminals and/or other signalling data links than the
signalling link for which activation is not possible.

Activation of a particular signalling link may also be initiated
upon receiving a request from the remote signalling point, or by a manual
request.

Activation stall not be initiated automatically for a signalling
link previously inactivated by means of a manual intervention.

c) When a decision is taken to activate a signalling link, the
signallirg terminals and signalling data link to be emploved have tn be
allocated.

A signalling terwinal is allocated automatically by means of the
function defined in Section 10.5.

The signalling data link is allocated automatically by means of
the function defined in Section 10.6. However, in conjunction with link set
activation the identity of the signalling data link to use may be predetermined
(see further Section 10.4.4). A signalling data link which is not connected to
a signalling terminal may be utilized for other purposes, for example, as a
speech circuit. When the data link is to be employed for signalling, it must be
removed from its alternative use.

In the case when the automatic allocation functions cannot
provide a signalling terminal or a signalling data link, the activation attempt
is aborted.

d) When the signalling data link and signalling terminal to be used
for a particular signalling link are determined, the signalling terminal is
connected to the signalling data link and signalling link initial alignment
starts (see C10J]). If the initial alignment procedure is successful, the
signalling link is active and ready to convey signalling traffic.
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If initial alignment is not possible, as determined at Messagc
Transfer Part level 2 (see C103), alternative signalling data links are
automatically connected to the signalling terminal, until an initial aligmment
procedure is successfully completed. In the case when the function for
automatic allocation of signalling data links cannot provide an alternative
signalling data link, the activation is regarded as unsuccessful and activation
of the next inactive signalling link (if any) is initiated Csee however th:
note to point b) abovel. Successive initial alignment attempts may continue on
the previous signalling link until it is activated or its signalling terminal
is disconnected (see Section 10.5).

10.4.2 Signalling link restoration

a) After a signalling link failure is recognized, signalling
link initial alignment will take place (see C10J). In the case when the initial
alignment is successful, the signalling link is regarded as restored and thus
available for signalling.

If the initial alignment is unsuccessful, the signalling
terminal and signalling data link may be faulty and require replacement.

b) The signalling data link may be automatically replaced by an
alternative, in accordance with the principles defined in Section 10.6. After
the new signalling data link has been connected to the signalling terminal
signalling link initial alignment starts, If successful, the signalling link is
restored. If not, alternative data links are connected to the signalling
terminal, until an initial alignment procedure is successfully completed.

I1f the automatic allocation function cannot provide a new
signalling data link, activation of the next inactive signalling link (if any)
is initiated Csee however the note to point b) of Section 10.4.1]. Successive
initial alignment attempts may however continue on the faulty signalling link
until it is restored or its signalling terminal is disconnected.

c) The signalling terminal may be automatically replaced in
accordance with the principles defined in Section 10.5. After the new
signalling terminal has been connected to the signalling data link, signalling
link initial aligmment starts. If successful, the signalling link is restored.
If not, activation of the next signalling link in the link set (if any)
starts Csee however the note to point b) of Section 10.4.137.

Successive initial alignment attempts may, however, continue on
the faulty signalling link until it is restored or, for example, the signalling
terminal or signalling data link is disconnected,

Note - Activation of the next signalling link in the link set

should not be initiated as long as one of the activities described in points b)
and c¢) above is taking place.
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10.4.3 Signalling link deactivation

In the absence of failures, a link set contains a specified
number of active (i.e. aligned) signalling links. Whenever that number is
exceeded (e.g. as a result of signalling link restoration) the active
signalling link having the lowest priority in the link set is to be made
inactive automatically, provided that no signalling traffic is carried on tha*
signalling link.

Deactivation of a particular signalling link may also be
initiated manually, for example in conjunction with manual maintenance
activities.

When a decision has been taken to deactivate a signalling link,
the signalling terminal and signalling data link may be disconnected. After
deactivation, the idle signalling terminal and signalling data link may becon:
parts of other signalling links (see Sections 10.5 and 10.6).

10.4.4 Link set activation

Link set activation is applicable in the case when a link set
not having any signalling links in service is to be started for the first tirce
or after a failure (see Section 10.3.4). The link set activation procedure is
performed as specified in Section 10.3.4, also as regards the allocation of
signalling data links, that is, signalling data links are allocated in
accordance with a predetermined list assigning a signalling data link to some
or all of the signalling links in the link set. This is made in order to cater
for the situation when it is not possible to communicate with the remote end nf
the link set (c.f. Section 10.6). However, when a signalling link has becoms
active, signalling data link allocation may again be performed autowmatically

(i.e. activation of a signalling link takes place as specified in
Section 10.4.1).

10.5 Automatic allocation of signalling terminals

In conjunction with the signalling link activation and
restoration procedures specified in Sections 10.3 and 10.4, signalling
terminals may be allocated sutomatically to a signalling link. A signalling
terminal applicable to the link group is allocated in accordance with the
following principles:

a) an idle signalling terminal (i.e. a signalling terminal not
connected to a signalling data link) is chosen if possible;

b) if no idle signalling terminal is available, a signalling
terminal is chosen which is connected to an unsuccessfully
restored or activated signalling link.

Note - Activation and restoration is regarded as unsuccessful
vhen it i1s not possible to complete the initial alignment procedure
successfully (see Sections 10.3 and 10.4).

Measures should be employed to ensure that signalling terminals

to be allocated to signalling links are able to function correctly (sec
Recommendation Q.707 C4]).
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A link set may be assigned a certain number of signalling
terminals. A signalling terminal may be transferred from a signalling link in
one link set to a signalling link in another link set (in accordance with b)
above) only when the remaining number of signalling terminals in the link set
is not below the specified value.

Note - From a link set with a minimum number of signalling

terminals, only one signalling terminal and signalling data link may be removed
at a time (e.g. for testing, see [43J).

10.6 Automatic allocation of signalling data links

10.6.1 In conjunction with the signalling link activation and restoration
procedures specified in Section 10.4, signalling data links may be allocated
automatically. Any signalling data link applicable to a link group may be
chosen for a signalling link within that link group.

The signalling data links applicable to a link group are
determined by bilateral agreement and may, for example, include all speech
circuits between two exchanges. A signalling data link may also be established
as a semi-permanent connection via one or more intermediate exchanges.

When a potential signalling data link is not employed for
signalling, it is normally used for other purposes {(e.g. 8s a speech circuit).

The identity of the signalling data link to be used for a
particular signalling link is determined at one of the two involved signalling
points and reported to the remote end by a signalling data link connection
order message. The signalling point controlling the choice of signalling data
link is the signalling point initiating the activation or restoration procedure
or, in the case when both ends initiate the procedure at the same point in
time, the signalling point having the highest signalling point code (included
in the label of the wessage).

10.6.2 When a signalling data link has been chosen at a signalling point,
the data link is made unavailable for other uses (e.g. as a speech circuit)
and an order to connect the appointed signalling data link to & signalling
terminal is sent to the signalling point at the remote end of the signalling
link.

The signalling-data-link-connection-order contains:

- the label, indicating the destination and originating
signalling points and the identity of the signalling link to
activate or restore;

- the signalling-data~link-connection-order;

- the identity of the signalling data link.

Formats and codes for the signalling~data-link-connection-order
message appear in Section 13.
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10.6.3 Upon reception of the signalling-data-link-connertion-order, the
following applies:

a) In the case when the signalling link to which a received
signalling-data-link-connection-order refers is inactive as seern
from the receiving signalling point, the messape is regarded a< ar
order to activate the concerned signalling link, resulting in, frr
example, allocation of a signalling terminal. The signalling data
link indicated in the signalling~data-link-connection-order is
then connected to the associated signalling terminal and
signalling link initial alignment starts. An acknowledgement ic
sent to the remote signalling point.

In the case when it is not possible to connect the appointed
signalling data link to a signalling terminal (e.g. becausr
there 1is no working signalling terminal aveilable), the
acknowledgement contains an indication informing the remote
signalling point whether or not an alternative signalling

data link should be allocated to the concerned signalling link.

b) In the case when the signalling point receives a signalling
data link connection order when waiting for an acknowledgement .
the order is disregarded in the case when the signalling point
code of the receiving signalling point is higher than the
signalling point code of the remote signalling point. If ti:
remote signalling point has the highest signalling point cod:. .
the message is acknowledged and the signalling data link
referred to in the received messapge is connected.

c) In the case when a signalling-data-link-connection-order is
received in other situations, (e.g. in the case of an error
in procedure) no actions are taken.

The signalling-data-link-connection-acknowledgement contains the
label, indicating the destination and originating signalling points and the
identity of the signalling link to activate or restore, and one of the
following signals:

- connection-successful signal, indicating that the signalling
data link has been connected to a signalling terminal;

- connection-not-successful signal, indicating that it was not
possible to connect the signalling data link to a signalling
terminal, and that an alternative signalling data link should
be allocated;

- connection-not-possible signal, indicating that it was not
possible to connect the signalling data link to a signalling
terminal, and that no alternative signalling data link should
be allocated.

Formats and codes for the signalling-data-link-connection-
acknowledgement message appear in Section 13,
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10.6.4 When the signalling point initiating the procedure receives a message
indicating that signalling data link and signalling terminal have been
connected at the remote end, the signalling data link is connected to the
associated signalling terminal and initial alignment starts (see

Section 10.4).

In the case when the acknowledgement indicates that it was not
possible to connect the signalling data link to a signalling terminal at the
remote end, an alternative signalling data link is allocated and a new
signalling data link connection order is sent (as specified above). However, if
the acknowledgement indicates that no alternative signalling data link should
be allocated, the activation or restoration procedure is terminated for the
concerned signalling link.

If no signalling-data-link-connection-acknowledgement or -order
is received from the remote signalling point within a time-out T7 = 2 s
(provisional value), the signalling-data-link-connection-order is repeated.

10.6.5 When a signalling data link is disconnected in conjunction with
signalling link restoration or deactivation, the signalling data link is made
idle (and available, e.g. as speech circuit),
11 Signalling route management
11.1 General

The purpose of the signalling route management function is to
ensure a reliable exchange of information between the signalling points about
the availability of the signalling routes.

The unavailability and availability of a signalling route is
communicated by means of the transfer-prohibited and transfer—allowed procedure

respectively, specified in Sections 11.2 and 11.3.

Recovery of signalling route status information is made by means
of the signalling-route-set-test procedure specified in Section 11.4.

11.2 Transfer—prohibited

11.2.1 The transfer-prohibited procedure is performed at a signalling point
acting as a signalling transfer point for messages relating to a given
destination, when it has to notify one or more adjacent signalling points that
they must no longer route the concerned messages via that signalling transfer
point.
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The transfer-prohibited procedure makes use of the transfer-prohibited
message and of the transfer-prohibited-acknowledgement message which contain:

- the label, indicating the destination and originating points,

- the transfer-prohibited (or
transfer-prohibited-acknowledgement) signal,;

and

- the destination for which traffic transfer is no longer
possible. 1)

Formats and codes of these messages appear in Section 13.

11.2.2 A transfer~prohibited message relating to a given destination "X"
is sent from a signalling transfer point "Y" in the following cases:

i) When gignalling transfer point "Y' starts to route (at
changeover, changeback, forced or normal rerouting) signalling
traffic destined to signalling point "X" via a signalling
transfer point "Z" not currently used by signalling transfer
point "Y" for this traffic. In this case the transfer-prohihite?
message is sent to signalling transfer point "2'",

ii) When signalling transfer point "Y' recognizes that it is
unable to transfer signalling traffic destined to signalling
point "X" (see Sections 5.3.3 and 7.2.3). In this case a
transfer-prohibited message is sent to all accessible adjacent
signalling points,

i1i) When a message destined to signalling point "X" is received
at signalling transfer point "Y' and signalling transfer
point "Y" is unable to transfer the message., In this case
the transfer-prohibited message is sent to the adjacent
signalling point from which the concerned message was received.

If no transfer-prohibited-acknowledgement is received in response
to a transfer-prohibited message within T8 = 1 s (provisional value) the
transfer-prohibited message is repeated. During this time, the
transfer-prohibited message will not be sent according to criterion iii)
above.

Examples of the above situation appear in C123.

11.2.3 When & signalling point receives a transfer-prohibited messape fron
signalling transfer point "Y" it sends in response to Signalling Transfer
Point "Y" a transfer-prohibited-acknowledgement; moreover it performs the
actions specified in Section 7 (since raception of transfer-prohibited messap.
indicates the unavailability of the concerned signalling route, see

Section 3.4.1).

1) The possibility to refer to a more general destination than a
single signalling point (e.g. & signalling region), or more
restrictive than a single signalling point (e.p. an individual
User Part) is for further study.
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11.2.4 In some circumstances it may happen that a signalling point receives
either a repcated transfer-prohibited message or a tran